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ST ATLL 
IN EVERY CYLINDER 


Dirt particles in a cylinder act just like tiny grinding wheels to 
wear away the face of a piston ring. To protect against this 
abrasive wear, Perfect Circle 2-in-1 rings are plated with solid 
chrome—the hardest, longest-wearing surface you can buy. 

As a result, wear is reduced an average of 75% over non - plated 
rings. And, Perfect Circle’s chrome plating is 25% thicker than 
the average of competitive plated rings to provide extra pro- 
tection and extra life. 


In every way, Perfect Circle rings are built to take it. Insist on 


Perfect Circles—first choice of leading engine manufacturers 


and mechanics everywhere. 


PERFECT 4. CIRCLE 


PISTON RINGS +: PRECISION CASTINGS - POWER SERVICE PRODUCTS + SPEEDOSTAT 
HAGERSTOWN, INDIANA + DON MILLS, ONTARIO, CANADA 
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Chips ... from SAE meetings, members, and committees 25 


To protect our ICBM’s from surprise attack 27 


The program to protect our retaliatory ICBM’'s from a surprise attack 
before they are launched includes the use of hard launching sites and 
design of ICBM’s so that they are adaptable to mobile launching from 
air, land, or sea craft. — W. R. Stumpe and M. V. Kadlick 


A new tool for combustion research 32 


A new research tool — a quartz piston engine — developed at GM Re- 
search permits an unobstructed view of the combustion processes occur- 
ring in overhead-valve combustion chambers of compression ratios as 
high as 10.7/1. ‘(Paper No. 150B) Fred W. Bowditch 


Hydrocarbon-air fuel cell for vehicles 35 


ONLY economic fuel cell for motor vehicles is a hydrocarbon-air cell. 
But current densities must be increased and initial costs reduced to 
make it practical. (Paper No. 159E) — E. A. DeZubay 


Corvair handling problem is licked 38 


Handling deficiency, caused by a weight distribution of 40% front and 
60% rear, Was overcome in the Corvair by engineering from the ground 
up. (Paper No. 143D) — Charles M. Rubly 


Better air brakes are just around corner 41 


The modern airbrake is a vast improvement over that of 30 years ago. 
But even greater advances lie ahead, both in the foundation brake and 
in the air supply. ‘Paper No. 184B) — R. B. Palmer 


Flexible glider for landing astronaut 42 


A promising contender among reentry vehicles under investigation by 
the NASA for aeronautic and space flight application is the flexible 
glider. ‘(Paper No. 175C) — J. G. Lowry and F. M. Rogallo 


New developments in ATF's 44 


Fluid properties of principal importance to proper functioning of auto- 
matic transmissions are: adequate viscosity at high temperature, good 
fluidity at low temperature, excellent oxidation and thermal stability, 
proper friction-reducing characteristics, compatibility with rubber seals 
and paper disc clutch plates, and good resistance to foaming. — L. W. 
Manley and N. V. Messina 


Best productivity for nuclear aircraft 46 


Nuclear aircraft attain best productivity with turboprop engine, cruise 
speed of 0.55 Mach number, and low cruise altitude. (Paper No. 167B) 
—D. P. Lalor and W. C. Schmill 


Rankine cycle selected for SNAP 2 48 


The Rankine cycle was selected for the SNAP 2 space power system 
over the Brayton and Stirling cycles after the limiting factors of (1) 
maximum reactor coolant outlet temperature, (2) available heat sink 
area (110 sq ft), and (3) reasonable time allotment for development had 
been studied. ‘Paper No. 154B) — Guveren M. Anderson 


To order papers on which articles are based, see p. 6 Continued on page 2 
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Elastomers increase acoustic fatigue life 52 


Elastomer coatings have solved the acoustic fatigue problem on the 
Navy A3D airplane. Stresses were reduced from 42 to 3 of their origi- 
nal levels when elastomers were applied at critical locations. ‘(Paper No. 
164A) — E. W. Thrall, Jr. 


Landing a returning space ship is tricky 56 


Reaction devices and aerodynamic control surfaces are both needed to 
provide controls that can cope with the wide range of changing environ- 
mental conditions and vehicle stability characteristics. (Paper No. 
175B) — James W. Clark 


New water seal stops crankcase erosion 64 


Cavitation-erosion in the water seal area of a diesel aluminum crank- 
case has been eliminated by the use of a wide-band cylinder liner water 
seal designed by the U. S. Naval Engineering Experiment Station. Fab- 
ric inserts and tough materials give the seal adequate strength to with- 
stand at least 3000-hr engine operational periods. (Paper No. 191A) — 
A. Bayne Neild, Jr. 


Balanced-life gears for best capacity/size 66 


By designing gear and pinion to fail simultaneously, gas turbines can 
provide more capacity in less space. Author discusses gear failure, the 
design of a balanced-life gear, and computer analyses of gear design. 
(SP-172) — G. J. Huebner 


Help wanted! . . . from engine men 77 


How do you make a decision on engines when you can’t get experi- 
mental verification? That is the problem of SAE’s Nomenclature Sub- 
committee in preparing a Recommended Practice for numbering engine 
cylinders ... and help is wanted. 


Designing controls for reentry vehicle 78 


A neutrally stable control loop in the yaw circuit provides the most 
sensitive control and eliminates the need for a test signal generator. 
(Paper No. 171A) — William Beauchemin 


Inverted levapad makes a wind tunnel scale 80 


The floating action of the film of air in a levapad can support a car 
and still give accurate force readings in all directions. The design pro- 
duces a compact, inexpensive, portable balance system for vehicle wind 
tunnels. (SP-180) — (See box on page 82.) 


Noise, Shake in unitized cars controlled 83 


Noise and vibration in unitized construction have to be taken care of 
by specific design for isolation and minimum coupling to noise sources. 
Conventional techniques used on body-frame cars are unsatisfactory. 
This is the lesson learned at Ford in working with its three unitized cars 
—the Lincoln, Thunderbird, and Falcon. (Paper No. 143B) —F. J. 
Hooven 


SAE’'s new aero-space applied thermo manual 86 


Comprehensive 1000-page manual is one-stop reference for designing 
fluid thermodynamic airborne space vehicle systems. Basic data, how- 
ever, apply to thermodynamic problems in aero-space and ground vehi- 
cle industries. 
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Solving problems of rendezvous 
in space (Paper No. 175A) .... 119 


Tritium tags clock lube oil con- 
sumption (Paper No. 194B) ... 119 
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NEWS 91 


SAE SECRETARY AND GENERAL 
MANAGER 


Report of 1960 Summer Meeting 


SAE announces its International Congress 
and Exposition of Automotive Engneeri- 


ing 


James C. Zeder Cited for 37 Years in 
Industry 


Rambling through the Sections 
SAE Members 

CEP News 

National Meetings Schedule 
New Members Qualified 


Applications Received 
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The Society is not responsible for statements or 
opinions advanced in papers or discussions af it 
meetings or in articles in SAE Journal 


A complete index of all Journal technical art 
cles, from January through December, will ar 
pear in the December issue. Al! Journal technica 
articles are indexed by Engineering Index, 
SAE Journal is available on microfilm from Ur 
versity Microfilms, Ann Arbor, Mich 


opyright 1960, Society of Automotive Eng 
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N/D integral rolleron gyro 
wheel and shaft with pre- 
cision instrument ball bear- 
ing solves sidewinder reli- 
ability problem. Actual ball 
bearing O.D. measures little 
more than an inch, 





"ip Designs Reliability Into Sidewinder Rollerons! 


CUSTOMER PROBLEM: 

With ever-increasing speeds of new fighter air- 
craft, the rollerons of this aircraft-fired missile 
failed because they were subjected to environ- 
mental conditions more severe than those for 
which originally designed. 

SOLUTION: 

New Departure engineers in conjunction with 
Naval Ordnance Test Station solved the prob- 
lem by recommending a simplification of the 
original rolleron assembly. An integral gyro 
wheel and shaft was designed that maintains 
critical rolleron reliability. What’s more, the 
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BALL BEARINGS 
proved reliability you can Luild around 
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new design reduces inventories, assembly time 
and inspections. And today, this same N/D 
creative engineering and reliability can be 
found in more than twenty of America’s major 
missiles . . . in airframe, guidance, propulsion 
and ground support. 


If your product has unusual ball bearing de- 
mands, call in a New Departure Sales Engi- 
neer. He’s armed with a complete line of Min- 
iature, Instrument and standard ball bearings 

. one that’s sure to do the job for you! 
Write Dept. L.S., New Departure Division, 
General Motors Corporation, Bristol, Conn. 


g 


~~ SVS COS ee fam 2 OT 2 





A SPRING LEAF | TAKES SHAP 


HAPING spring leaves in modern rotary presses is one of the basic operations in 
the manufacture of Burton leaf springs. 


As they emerge from the heating furnace, bars are placed in the forming die to give 
the proper “arch” to the spring leaf. This important operation must be done under 
careful supervision to insure dependable spring performance and exact conformity to 
the engineer's design. Here, as in every step of manufacturing, Burton Springs receive 
utmost care. 


This is partly why most prominent builders of auto trucks and off highway equipment 
use Burton Springs. They have come to recognize quite clearly that “Only Burton Can 
Produce Burton Quality.” 


BURTON SPRINGS 


VITAL SUPPORT FOR THE AUTOMOTIVE INDUSTRY 


BURTON AUTO SPRING CORPORATION + WESTERN AVENUE AT FORTY-EIGHTH STREET + CHICAGO 32, ILLINOIS 
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AIRCRAFT 


Selection of Accessory Power Systems 
for Long-Duration Manned Space 
Vehicles, E. T. RAYMOND. Paper No. 
154A. Boeing Airplane Co. study to 
determine feasible power units for pro- 
ducing 5 kw of electric power continu- 
ously and 10-20 hp of hydraulic power 
intermittently, primarily during re- 
entry; examination of solar power sys- 
tems, such as direct photovoltaic power 
conversion; static conversion of solar 
heat to electricity, and solar heat to 
electricity by dynamic means; use of 
radioactive isotope as heat source and 
controlled fission within reactor. 


SNAP 2 — Reactor Powered Turbo- 
electric Generator for Space Vehicles, 
G. M. ANDERSON. Paper No. 154B. 
Report of SNAP 2 project to develop 
space power system for use in 1962- 
1963 in surveillance of communication 
satellites, space station power systems, 
etc; characteristics of reactor using 
(Zr-U) H, . as fuel; Rankine cycle and 
mercury as working fluid; system sche- 
matic, components and flow of working 
fluids; conversion equipment test pro- 
gram, steps for future development 


Heat Transfer Problems of Space 
Vehicle Power Systems, R. A. TRU- 
SELA, R. G. CLODFELTER. Paper 
No. 154C. Problems in energy conver- 
sion systems considered by U. S. Air 
Force following areas: working fluids, 
emissivity, boiling heat transfer, and 
condensing; zero gravity experiments, 
by Wright Air Development Div.; be- 
havior of gas released in fluids and ef- 
fect of surface tension; mercury con- 
densing and pyrex boiler condenser 
tests; fluid orientation and pumping 
tests; thermal energy storage; meteor- 
ite protection. 


Basic Studies on Base-Metal Ther- 
mocouples, J. F. POTTS, Jr., D. L. Mc- 
ELROY. Paper No. 158A. Details of 
studies, conducted up to 2000 F at Oak 
Ridge National Laboratory and Univer- 
sity of Tennessee to improve thermo- 
electric measurements through better 
understanding of basic behavior of 
thermocouples; answers were sought to 
question of reliability of Chromel-P 
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Alumel for measuring temperature up 
to 1000 C and whether better combina- 
tion exists; materials tested and results 
of comparison calibrations of samples; 
two examples of short-range diagnostic 
studies. 


Materials for High (2500-4000 F) 
Gas Engine Temperature Measure- 
ments, A. R. ANDERSON, D. J. Mac- 
KENZIE. Paper No. 158B. Present 
state of materials available for use as 
thermocouples; thermoelement mate- 
rials to withstand temperatures ap- 
proaching or exceeding 4000 F in 
either oxidizing, reducing, inert, or vac- 
uum atmospheres; wire combinations; 
insulation materials, such as zirconia, 
alumina, magnesia, beryllia, and tho- 
ria; insulation resistance factor; sheath 
materials and comparative merits ex- 
amples of probes used to measure after- 
burners. 


Design Procedure for Thermocouple 
Probes, L. B. HAIG. Paper No. 158C. 
Method of reducing environmentally 
induced errors of thermocouples in gas 
stream temperature measurement; 
basic heat transfer concepts used in de- 
sign of probe envelope provide environ- 


ment for junction conducive to accu- 
rate gas temperature measurement; 
procedure illustrated by design of probe 
in range of 100 F with error limit of 0.2 
F at Mach numbers ranging from 0.2 
to 1.0; test results show maximum er- 
ror of 0.18 F. substantiating proce- 
dures; example relating to gas turbine. 


Experimental Determination of 
Thermocouple Time Constants with 
Use of Variable Turbulence, Variable 
Density Wind Tunnel, and Analytic 
Evaluation of Conduction, Radiation, 
and Other Secondary Effects, A. F. 
WORMSER. Paper No. 158D. Param- 
eters not normally considered in re- 
porting, specifying, and predicting 
thermocouple time constants found to 
be significant are: airstream turbu- 
lence, step change size, variable wire 
specific heat, axial conduction, and 
temperature ratio; apparatus used in 
study made by General Electric Co. and 
resluts obtained; pertinence to jet en- 
gine measurements. 


Intercomparison of Thermocouple 
Response Data, F. R. CALDWELL, L. O. 
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OLSEN, P. D. FREEZE. Paper No. 
158F. Cooperative project initiated by 
SAE Committee AE-2, Physical Meas- 
urement Sensing, to determine effects 
of temperature on time constant or 
characteristic time of thermocouples, 
used to measure jet engine tempera- 
tures; account of work done at three 
laboratories: General Motors Research 
Laboratories, Orenda Engines Ltd., 
Toronto, Can., and National Bureau of 
Standards; discussion of results. 


Dynamic Testing of Gas Sampling 
Thermocouples, J.D. MEADOR. Paper 
No. 158G. Performance characteristics 
of gas sampling thermocouples used in 
monitoring of turbine inlet gas tem- 


peratures of Allison Model 501 engine; 
environmental factors affecting per- 
formance of thermocouple analyzed 
and criteria established for testing of 
such components; new high-tempera- 
ture flowing gas thermocouple test rig 
and performance data; schematics il- 
lustrating characteristics of thermo- 
couple and features of test equipment. 


Time Response Characteristics of 
Temperature Sensors, M. D. SCAD- 
RON. Paper No. 158H. In order to 
better evaluate ability of thermocou- 
ple type sensor to accurately respond 
to changes in environment tempera- 
ture, techniques are presented to deter- 
mine how fast sensor will respond to 
changes in medium temperature when 
it can transfer heat conduction, radia- 
tion and forced convection; how time 
constant is affected by choice of wire 
is shown. 


Engineering Standards for Compari- 
son of Direct Electrical Conversion De- 
vices, F. W. ANDERS. Paper No. 159A. 
Method of assessing state of art of lab- 
oratory techniques in energy conver- 
sion areas which emphasizes compara- 


Readers’ Information Service 
SAE Papers Available — July 1960 issue 


© If you would like complete copies (in multilith form) of papers on which 
July SAE Journal articles are based, CIRCLE THE APPROPRIATE 


PAPER NUMBERS in the list below. 
the END of each article. 


T39 154A 158B 
T40 154B 158C 
T4I 154C 158D 
143B 155A 158F 
143D 156A 158G 
147B 156B 158H 
150B 158A 159A 


PAPER NUMBERS are indicated at 


PRICES are listed below. 


159B 
159C 
159D 
159E 
159F 
162B 
163A 


184B 
191A 
194B 
SP-172 
SP-180 
SP-331 


163B 
164A 
167B 
171A 
175A 
175B 
175C 


PRICES: Papers; 50¢ each to members; 75¢ each to nonmembers 
SP-172 — 50¢ each to members; $1.00 each to nonmembers. 
SP- 180 — $3.00 each to members; $6.00 each to nonmembers 
SP-331 — $1.00 each to members; $2.00 each to nonmembers 
Aero-Space Applied Thermodynamics Manual 
$25.00 each (plus $2.00 service charge outside the U.S. 


ORDER BLANK ———..__...--—— 


TO: Society of Automotive Engineers, 485 Lexington Ave., New York 17, N.Y. 


PLEASE SEND ME: 


... The SAE Papers and Special Publications whose 


numbers | have circled above. 


.... Check or coupons enclosed 


.... Bill Company .... Bill me 


6 


PLEASE SEND ME: 
... Information about 
the advertisers’ prod- 
ucts and services cir- 
cled on the back of 
this form. 


tive merits of various technologies 
without including large mass of de- 
tailed engineering data; energy con- 
version matrix representing ideas 
which will be investigated during next 
decade; fuel cells, batteries, turbines, 
and other devices are included; results 
of questionnaire sent to 200 industrial 
activities showing processes being in- 
vestigated. 


Thermoelectric Air Conditioning 
Module for Sealed Cabins, H. L. HALL, 
P.L. CATRON. Paper No. 159B. Fea- 
sibility study at Douglas Aircraft of 
system for use in space vehicles, etc, 
considers thermoelectric cooling by use 
of Peltier effect to serve as heat pump 
portion of refrigeration system: func- 
tions of absorbing carbon dioxide and 
replenishing oxygen are performed 
through KO, bed where CO, is ab- 
sorbed and O, liberated; three modules 
form cooler incorporated into feasibil- 
ity model; equations to calculate cooler 
performance and guide lines for de- 
sign of module. 


Thermionic Power Converter and Its 
Applications, J. G. LEISENRING. Pa- 
per No. 159C. Fundamental operating 
characteristics of thermionic converter 
used in power conversion systems as 
electrical power generator or high- 
temperature sensor in space, airborne, 
ground, or sub-surface systems: heat 
source selected may be chemical, nu- 
clear, or solar energy; work reported 
was done under direction of Ballistic 
Missile Div. U. S. Air Force and General 
Electric Co., Missile and Space Vehicle 
Dept. 


Solar Concentration Cells, B. H. 
CLAMPITT, D. E. GERMAN. Paper 
No. 159F. Device proposed by Boeing 
Airplane Co. employs 2-stage process 
with first stage being conversion of 
solar to chemical energy and second 
stage of chemical to electrical energy; 
solar energy is stored by photochemical 
isomerization of trans to cis organic 
acids; because of difference in hydro- 
gen ion concentration electrochemical 
concentration cells can be constructed 
from cis and trans acid solutions, and 
portion of chemical energy recovered 
as electrical energy: pertinence to sat- 
ellites. 


Fuel Cells — Technical and Economic 
Study, A. M. MOOS. Paper No. 159D. 
Evaluation methods range from classi- 
fication based on electrolyte as aqueous 
and non-aqueous, to classification as 
direct or indirect ‘(redox cells:) techni- 
cal feasibility was shown in following 
systems: low temperature (50-150 F) 
l-p (1-50 psi) hydrogen oxygen or air 
fuel cells; medium temperature (400- 
600 F) and high pressure (400-1000 
psi) hydrogen-oxygen fuel cells; low 
temperature fuel cells using hydrocar- 
bon fuels and oxygen; high tempera- 
ture (400-1000 F) fuel cells using 
hydrocarbons and air; military and 
commercial applications. 


continued on p. 121 
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“SOMETHING NEW FOR OLD RECIPS”’ 


“In lube oil, 2% cyclohexanone* by volume prevents 
hard carbon and sludge formation by dissolving carbon 
and holding it in collodial suspension.” 


So says the U.S.A.F. official publication AIRCRAFT ACCI- 
DENT AND MAINTENANCE REVIEW after field service tests 
in reciprocating engines at Harlington and Malmstrom 
AF bases and WADC laboratory tests. 


We quote further: “It (cyclohexanone) reduced engine 
smoking, greatly reduced oil leak maintenance and 
substantially reduced starter and generator oil seal 
replacement. Oil screens were free and clean at periodic 
inspections and there was a decrease in oil consumption. 
And, of course, it eliminated problems associated with 
using periodic dilution as a desludging procedure”. 


*as described in U.S. Patent 2,389,608. 
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Detergent Additive Prevents Hard Carbon 
and Sludge Formation in U.S.A.F. Tests 


Cyclohexanone appears to be a noteworthy break-through in 
preventing carbon and sludge formation. You owe it to yourself 
to be fully informed on this development. 


National NADONE (cyclohexanone) is the highest quality you 
can get... in any quantity you can use. It is made in our modern, 
new, integrated plant by our direct process. It has exceptional 
solvent power and purity (99.8% minimum). Color is water- 
white — consistently at or below APHA 8. 


WRITE FOR COMPLETE DATA 


We'll be happy to send a copy of MAINTENANCE giving the back- 
ground story of U.S.A.F. cyclohexanone tests and our 32-page 
Technical Bulletin I-19 on National NADONE (cyclohexanone). 
And, if you wish, we’ll send a generous test-sample quantity for 
your own lab and engine-test work. 


National NADONE’ 


(CYCLOHEXANONE) 


NATIONAL ANILINE DIVISION Tey: 
40 RECTOR STREET, NEW YORK 6, N.Y. T= 
Atlente Boston Cheriette § Chicogo Greensbere Los Angeles 
Philedeiphia Portiond, Ore. Providence = Sen Francisco H 
ln Conode: ALLIED CHEMICAL CANADA, LTD., 100 North Queen St., Toronto 18 hemical 
Distributors throughout the world. For information 
ALLIED CHEMICAL INTERNATIONAL * 40 Rector St., New York 6, W. Y, 
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The New Earth-Mover 


Especially designed by Goodyear for today’s 
high-powered earth-moving equipment 


As you know, today’s earth-movers move bigger 
loads faster than ever before. 


To meet the added burden imposed on rims, 
Goodyear has developed a complete new line of 
Earth-Mover Rims that are now 40% stronger — 


yet add an average of only 6% to rim weight. 


With Goodyear Earth-Mover Rims you enjoy such 
additional benefits as a heavy-duty’ bead seat band 
driver — to prevent slipping under severest oper- 
ating conditions. And you get the positive air seal 


Tru-Seal —T. M. The Godycar Tire & Rubber Company, Akron, Ohio 


provided by Goodyear’s famous Tru-Seal principle. 

Goodyear makes rims in widths up to 37” and diam- 
eters up to 49”. To prevent premature tire and rim 
failure, it pays to buy and specify rims job-fitted 
by Goodyear. See your local rim distributor, or 
write: Goodyear, Metal Products 
Division, Akron 16, Ohio. 





Send for Free Goodyear Rim Catalog 


GOOOF TEAR 


34 pag ts } ture yr jyears 


—4 1 ‘¢ 
4 ¢ 
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Only Goodyear Rims 
have Bond-A-Coat Finish, 
for lasting protection 

against rust and corrosion. 


Buy and Specify RIMS by 


GOOD, 


MORE TONS ARE CARRIED ON GOODYEAR RIMS THAN ON ANY OTHER KIND 
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Designers with HIGH ANGULAR and LONG 
SLIP JOINT problems have learned to rely on 
MECHANICS. Where joints must run all day at 
constant angles up to 45°—+where there are 
severe shock loads—where wide angles and 
long slip are common—and where dirt and/or 
moisture are continually present—MECHANICS 
Roller Bearing UNIVERSAL JOINTS are the ac- 
cepted solution. Lifetime or once-a-season lubri- 
cation is so tightly sealed in that dirt and mois- 


ture cannot enter. If you have a ‘“‘tough”’ joint 
problem and need the “‘right’’ solution, it will 
pay you to make use of MECHANICS engineers’ 
wide experience in solving power transmission 
problems in hundreds of different fields. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2022 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 


36 So. Wabash, Chicago 3, Illinois 


‘MECHANICS UNIVERSAL JOINTS 
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engineering help 
fast delivery 
uniform quality 
special compounds 


on ©) -Rings 





National’s District Field Offices give you fast service on O-Ring 
engineering problems and O-Ring procurement. You talk with seasoned 
field engineers equipped with the latest O-Ring information and backed 
up by the plants of one of America’s largest sealing products manufac- 
turers. National O-Rings are precision-made, uniform in quality, specified 
and used by leading equipment manufacturers across America. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Redwood City and Downey, California 





CALL YOUR NATIONAL FIELD ENGINEER 

Atlanta 8, Georgia: George W. Smith Company, 394 Williams St., N.W., JAckson 3-7140; Chicago (Franklin Park) IMinois: 

10013 West Grand Ave., GLadstone 5-4420; Cleveland 18, Ohio: 210 Heights Rockefeller Bidg., 3091 Mayfield Road at 

Lee, YEllowstone 2-2720; Dallas 19, Texas: Benson Engineering Company, 2514 West Mockingbird Lane, FLeetwood 

2-7541; Detroit 27, Michigan: 13836 Puritan Avenue, VErmont 6-1909; Indianapolis 5, Indiana: 2802 N. Delaware St., 

WAlnut 3-1535; Kansas City (Prairie Village) Kansas: Benson Engineering Co., 2902 West 72nd Terrace, ENdicott 

2-2843; Los Angeles (Downey) California: 11634 Patton Road, TOpaz 2-8163; Milwaukee 4, Wisconsin: 647 W. Virginia 

Street, BRoadway 1-3234; Red Bank, New Jersey: 16 Spring Street, SHadyside 7-3242; Wichita, Kansas: Benson 

Engineering Company, 519 So. Broadway, AMhurst 2-6971 6342 
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A DOCIIsgs 
wheels 





deliver... 
everything 


Soe—=e5 In every part of the country, every 


corner of the world . . . Budd-made wheels are used for 
the transportation of all kinds of cargo . . . from school 
children to ballistic missiles. More than 60 million 
wheels for trucks, trailers, buses and off-the-highway 
vehicles have rolled from Budd plants. And many of 
them are still rolling after more than 5 million miles. 

A recent Budd development has now produced 
wheels that are 10% stronger... with no addition in 
weight, no increase in cost. Such developments are 
typical of the foresight with which Budd facilities are 
being applied to serve the automotive industry. The 
Budd Company, Detroit 15. 


AUTOMOTIVE aD T T 
HM DEMEMER ovision 


Since 1916 — serving the automotive in- 
dustry with research, design, engineering 
and specialized production facilities. 
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ROLLWAY MAXIMUM™M BEARINGS 


oe ees What’s the limit: Heat? Shock? Speed? Or complicated ENGINEERING OFFICES: 
radial and thrust loads: esti ite Snties on 
Name the combination of requirements . . . and chances Toronto Pittsburgh Cleveland 
are you'll find them met by a Rollway Maximum precision Seattle Houston = Philadelphia 
radial cylindrical roller bearing. If not, then Rollway engineers Los Angeles San Francisco 


will modify any factor to meet your application. 


Rollers are crowned to prevent end-loading and the 


resultant spalling of races. Directional trueness is maintained 
by retainers of standard bronze or “Rollube” ferrous alloy 
of one niece or two piece construction. 


You may wish to refer to the Rollway Catalog and Engineering BB EA RINGS 


Data Book when writing specifications for a high precision bearing. 
It contains the first listing, by any manufacturer, of the thrust eee a a A a a 





capacities of cylindrical radial roller bearings. Send for it today. 
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Synthetic lube diaphragm LS-53 





Drop-off tank sea! LS-53 


Chemical pump liner — Viton 


diesel equipment 
seal — Viton 







Natural gas vaive diaphragm Viton 





For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A”*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


SIRVENE DIVISION, 1243 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


Offices in 55 principal cities. See your telephone book 


F 


In Canada: Chicago Rawhide Mfg. Co. of Canada, ltd., Brantford, Ontario 


Export Sales: Geon International Corp., 


C/R PRopucTs: C/R Shaft & End Face Seals « Sirvis-Conpor mechanical leather cups, 
packings, boots « C/R Non-metallic gears 
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Great Neck, New York 


lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 


C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 

















Nickel steels in this power train 
give miles and months of extra service 


For an extra measure of resistance 
to the shocks and stresses of earth- 
moving, here’s where Clark Equip- 
ment Company relies on nickel alloy 
steels in the tough, dependable power 
train used in Michigan tractor-dozers. 


Every shaft, gear and pinion in the 
mechanical gear train is made of 
AISI 4817 steel. This 342% Nickel 
steel combines tough core strength 
with high surface hardness for out- 
shock 
wear. These heavy-duty carburizing 


standing resistance to and 
properties are liberally designed into 


final drives, too: the planetary sun 


gear and spiral bevel gear and pinion 
are all made of AISI 4817. 


For clutch drums and internal plane- 
tary ring gears, the choice is 8620 
steel. With excellent response to heat 
treatment, this Ni-Cr-Mo carburiz- 
ing steel provides a hard, wear-resis- 
tant case backed up by a tough core 
to resist heavy compressive loads. 

For strong, light-weight scraper 
yokes, Clark uses “T-1”* Steel, a 
quenched and tempered construc- 
tional alloy steel containing Nickel 
other Three times 
stronger than standard steels, “T-1” 


and elements. 


may be used in lighter section to 
fabricate strong structural members. 
The best design for off-road service 
often properties like 
these. To satisfy your strictest re- 


depends on 


quirements, you can find in a par- 
ticular nickel alloy steel the special- 
properties you All are 
readily available. And for help in 
finding practical solutions to mate- 


ized want. 


rials-selection problems, simply write 
to Inco. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street Ico New York 5, N. Y 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 


ISX YW A 
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How R/M helped develop unusual wet friction 
application for International Harvester 


Can you imagine the friction problem 
created in braking and turning a crawler 
tractor like this? 


That’s the problem International Harvester 
engineers faced in 1948 when they designed 
the TD-24 crawler tractor. Plans called for 
a wet friction application in the steering 
system. Wet friction was pretty new in con- 
struction equipment 12 years ago. So it was 
natural that I.H. called on Raybestos- 
Manhattan’s friction “know-how.” 


Woven asbestos 


R/M friction specialists tackled the prob- 
lem and came up with an unusual shaped 
woven asbestos brake lining material. It 
has shown phenomenal resistance to wear 
under rugged service conditions. In fact, it 
was so successful that International Har- 
vester continues to use it in the Planet 
Power steering of such new tractors as 
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the 22 ton, 230 hp TD-25 shown above. 


Service, quality, competitive prices 


Only R/M manufactures all types of friction 
materials—your assurance of sound, un- 
biased recommendations on the material 
best for your needs. So next time you have 
a friction problem, why not see what R/M 
can do. Large field engineering staff and 
extensive laboratory facilities are all set to 
work for you. As one customer put it, ““We 
get this extra service, yet prices are competi- 
tive; quality is uniformly high.”’ Call us— 
an R/M sales engineer 
can be at your desk 
within 24 hours. 


Want helpful engineering 
data on friction materials? 
Send now for R/M Bulletin 
501 —no obligation. 





RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION: Bridgeport, Conn. « Chicago 31 ¢ Cleveland 16 e¢ Detroit2 e¢ Los Angeles 58 


r~\_1 | r=f7". A. i “Tt” 






Photo courtesy International Harvester 





R/M woven asbestos brake linings for 
Planet Power steering—an independent 
two speed power-shift planetary trans- 
mission on each side of bevel gear and 
pinion. Each controlled by three discs for 
low and high ranges, pivot brake. Hy- 
draulic actuated brake shoe, lined with 
R/M material, stops selected discs; allows 
power to flow to the crawler track in that 
speed range. Splash and pressure lubri- 
cated; oil helps cool. 


to fasten 
panels 
or parts... 


LIGHT, STRONG 


TRIMOUNT 
STUDS 


Designed for rapid assembly of sheet-metal, 
plastic or composite structures, Dot Trimount 
studs are available in both permanent and remov- 
able types. They can be pushed into drilled, 
stamped or molded holes by finger-pressure alone 
yet they lock positively in place and resist con- 
stant vibration. 


Studs can be designed in steel or brass with var- 
ious flange configurations for clinch, clip or clamp 
attachment to flexible or rigid panels as well as 
for push-through assembly. Available in all stand- 
ard finishes. .. with or without decorative caps. 


DESIGN 
ENGINEERING SERVICE 


Designers, metallurgists and plastics specialists 
on Dot’s engineering staff are equipped to work 


out optimum combinations of metal and plastics 
to suit your particular requirements. 


> For further details, 
write for Engineering Data Catalog, Section H 


KERS 


| 


| 


ALLL LL LLL 


Push Rivet Stud 
Shoulder Type (Capped) 


Y 
Push Rivet Stud 
Tapered Type (Not Capped) 


Trim Stud 
Barrel Type 


Ny 


Loop Type Stud 


Push Rivet Stud 


Clinch Type Stud 


Trim Stud 
Scissors Type 


R 
\Qe 
é 


Panel Stud 
Staple Type 


a4 


Push Rivet Stud 
Tapered Type (Capped) Shoulder Type (Not Capped) 


Clip-on Stud 


Panel Type Stud 


Panel Stud 
Hook-on Type 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


Offices in: Atlanta, Boston, Chicago, 
Cleveland, Dallas, Detroit, Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, Syracuse 
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DU PONT 


ADIPRENE 


URETHANE RUBBER 


POLYMERS 


New Urethane Elastomers That Combine Hardness, Resilience 


and Exceptional Load-Bearing Capacity 


ADIPRENE polymers are members of Du Pont’s new 
urethane rubber family. These urethane polymers 
can be compounded in a wide range of hardnesses 
and retain their elastomeric properties throughout 
this range. They combine the resilience of rubber 
with the hardness and load-carrying capacity nor- 
mally associated with many metals and hard plas- 
To engineers, they provide a new of 
materials and a new approach to automotive design 
problems. 

Products made from ADIPRENE urethane rubbers 
are well suited for service in lubricating oils, greases 
and automotive fuels. They withstand attack by 
ozone and oxygen and are resistant to salt solutions, 
dilute mineral acids and bases. ADIPRENE compounds 
also have outstanding resistance to abrasion and 
impact and excellent low temperature properties. 

Low temperature brittle point less than —80° F.) 

Most of the raw ADIPRENE polymers are liquid 
at room temperature, which makes them ideal ma- 
terials for casting complicated molded parts. Vulcan- 


ties. class 


ized, high durometer compounds are as machinable 
as some metals. They can be drilled, turned and 
shaved on standard metal working equipment. 
These properties of ADIPRENE polymers suggest 
a wide range of automotive applications. Current 
and potential uses include: seals, grommets, bush- 
ings, ball joint liners, engine and body mounts, striker 
plates, encapsulated electrical assemblies, abrasion- 
resistant coatings for underbody parts and solid in- 
dustrial tires for manufacturing plants. ADIPRENE 
elastomers should be treated as new materials, and 
parts designed to take full advantage of their special 
properties. Mere substitution of an ADIPRENE in an 
existing design may not produce optimum results. 
We will be glad to send you complete infor- 
mation on the engineering properties and perform- 
ance of ADIPRENE urethane rubbers. We’ll also begin 
your free subscription to the quarterly, ELASTOMER 
NEWS FOR AUTOMOTIVE ENGINEERS. Just write: 
E. I. du Pont de Nemours & Co. (Inc.), Elastomer 
Chemicals Dept. SAE-7, Wilmington 98, Delaware. 


PROPERTIES OF CURED ADIPRENE POLYMERS 


3 | 
30 | 
3200 | 
9825 | 
480 


Flexed 


*Hardness, Shore A 88 


97 
Hardness, Shore D 


60 
7000 
8500 


Modulus, 300%, psi 

**Tensile Strength at Break, psi 
Elongation at Break, % 
1zod Impact Notched ft.-Ibs./in 


Split Tear, ASTM-D 470 
Ibs./linear inch 


***Compression/ Deflection, 
psi @ 5% defi 


Rebound Resilience, % 
Oil Resistance 


Low Temperature Brittle 
Point, °F. 


Flexed Flexed | 


25 50 155 160 


250 
45 
Good 


575 | 
45 | 
| 


| Excellent 


1800 


750 | 
42 


40 


| 
| <-80 | <-80 


*Softer compounds ranging from 10 Shore A are also available 


| 
| 


**Samples pulled @ 1 in./minute (elastomer stocks normally pulled @ 20 in./min.) 


***Shape Factor—1.0 
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Excellent | Excellent | Excellent 
| 


<-80 | <-80 | <-80 


99+ 
78 
8500 
250 
1.2 


SYNTHETIC RUBBER 


NEOPRENE HYPALON® VITON® ADIPRENE® 


200 


REG. v. 5. pat. OFF. 


6000 


© Better Things for Better Living 


... through Chemistry 





gabt KIND OF oIL SE 


Q 


The “custom” approach to oil seal manufacture, pioneered by IPC, has resulted in some real off beat 
products. 

None-the-less . . . they work! They suit the application and, in more cases than not, they have 
contributed substantially to cost savings. 

When you're faced with a rugged problem involving oil seals, what synthetic compound comes to 
mind? How about case design? .. . friction? . . . torque? . . . shaft speeds? 

Oil seals are an engineered product in themselves . . . just as good as their individual design. That’s 
why we think each oil seal application deserves special “custom” thinking. That’s why IPC oil seals are 
noted for performance. Let us show you what IPC can do to relieve your particular problem. 


OIL SEALS / PACKINGS / PRECISION MOLDING Custom designed for your application. 


C/ 
yA 


ipe| INTERNATIONAL 
ee PACKINGS 0100401108 


Bristol, New Hampshire 
P-1 
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THE 


timest 


WAUKESHA 
TRANSPORT fie 
cS =< =~... 


up to 400 HP 


* Easy Starting ' Snow plows and trucks 
© Reliability sean 

@ Simplicity nc os oe : 

@ Smoothness inl OS Power for 


extra-heavy 


@ Economy loads 


WAUKESHA WAKDBS 
TURBOCHARGED 
DIESEL... 

6% x6% "’ bore and stroke, 
1197 cu. in. displ., up to 
SUR ae mee ge) 


Off-the-highway service Overland freight routes 


WAUKESHA 145-678 i‘; ai DIESEL 


HIGH OUTPUT 


tahoe nto r a c | GASOLINE 
ppb tt aT EXCEPTIONAL PLANT FACILITIES 


ganda pee ENGINES 25 ACRES OF MANUFACTURING SPACE 


re *—“~S 


WAUKESHA WAKB } re ; 
TRL ae Wrebig i 3 a 

ae 
rE 


eon ’ naan ’ 4 . n 
EA EU} ea om ieee : 
SCAU ea) an = : ‘Tt . (pee 
ce ete . = ‘ay = — 
F i o S «+ _— a . 
Py —* Ma y we - 
——. ~— ‘ r 


- 


- 


on 


, 
lute for descriptive literature 


WAUKESHA MOTOR COMPANY 
WAUKESHA, WISCONSIN 


New York e Tulsa e Los Angeles 
Factories: Waukesha, Wisconsin, and Clinton, lowa 
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Torrington Drawn Cup Needle Bearing . .. 
for maximum radial capacity in minimum 
cross section positioned by press fit— 
snap rings or shoulders unnecessary ... runs 
directly on hardened shaft... most com- 
pact, light weight, economical 


Torrington Drawn Cup Roller Bearing... 
for higher speeds or long pregreased life 
thin section race for simple press fit 
runs directly on hardened shafts... unit 
construction for easy assembly... shoft- 

riding retainer 

Torrington Heavy Duty Needle Bearing... 
for use with thin section or split housing where 
extreme impact loads require heavy ovter 
roce maximum shock resistance... full 
roller complement... unit construction 
Torrington Heavy Duty Roller Bearing . .. 
for combination of high speed, long pre- 
greased life or shock resistance... roller 
stability provided by end-guiding...flange- 
riding retainer ... unit design. 

All of these types of bearings are available 
with inner races. 


SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS - 


Only Torrington Makes All Four! 


Torrington developed the Needle Bearing and its specialized 
variations. This breadth of experience assures impartial engineer- 
ing recommendations based on specific application requirements. 
You can rely on Torrington to recommend the most compact 
and economical design compatible with operating conditions and 
performance requirements. Call on your Torrington representa- 
tive for help in applying the right bearing in the right place. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Indiana. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 


SAE JOURNAL, JULY, 1960 





BALL + THRUST 
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For Sake of Argument 


Decisions and Fears 


CHANCES ARE we all get fears mixed up in our decision-making 
more than we like to admit ... probably more than we even 
know. 


How often is our caution mere hesitancy; our long, careful 
analyses really fear of the consequences of a decision? How 
often do we rationalize our vacillation as prudence; our paus- 
ing as forethought; our doubting as calculation? 


How often do we hide behind the old Haitian maxim or its 
equivalent: ‘Never insult an alligator till after you have crossed 
the river” ... when we’re just plain scared of drowning? 


Fear is as often the spark to sudden, unwise action as to con- 
tinued indecision. It can act as might a sudden gunshot toa 
man crossing Niagara Falls on a tightrope. We've all been in- 
volved in decisions which resulted because somebody — maybe 
ourselves — was frightened. 


Whatever its part in decision or action, the effect of fear is 
malignant, never benign. It never accomplishes anything good. 


Fear has reality only to the mind which possesses it . .. or to 
the mind which it possesses. It is hard on everybody; hardest 
on us when we hold it. 


Fear is hard on everybody in its vicinity because it breeds 


weakness... and ‘“‘Weakness,” according to Dwight Eisenhower, 
“can’t cooperate with anything.” 


Yon Ghee 
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: 
Should piston rings be coated or sprayed with aluminum oxide to 
counteract abrasive action in aluminum engines? Are locked rings really 
necessary for V and flat engines? Are moly-coated rings the real answer in 
aluminum bores? Hundreds of such engine problems are being worked 
out today on dynamometers in the Ramco plant on the highways on the 


proving grounds of car and truck factories. Products of Ramco’s design 


reativity are constantly on test and proving our slogan, ‘Give the Gentleman 


what he wants” give the immense automotive industry the kind of 
cooperation in engineering effort that is sought the full cooperation of 
TRW’'s resources and experience the completely-manned engineering 


team and production know-how of one of the world’s most modern piston 
ring plants. The story of our piston ring facilities is contained in a 
new book. May we send you a complimentary copy ” 


a 
Piston Rings by THOMPSON PRODUCTS RAMCO DIVISION 


Thompson Ramo Wooldridge Inc. + P.O. Box 513 
Dept. Q, St. Louis 66, Mo 


AUTOMOTIVE GROUP — 
THOMPSON PRODUCTS THOMPSON PRODUCTS THOMPSON PRODUCTS THOMPSON PRODUCTS THOMPSON PRODUCTS 
LIGHT METALS MICHIGAN DIVISION VALVE DIVISION RAMCO DIVISION MOTOR EQUIPMENT 
DIVISION MANUFACTURING DIVISION 


Copyright 1960, Ramsey Corporation M86i 
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from SAE meetings, members, and committees 


IXED COSTS TO OPERATING 

COSTS average 70%/30% for 

passenger cars and 20%/80% 
for highway tractors. 

The cost of fuel amounts to 
about 46% of the cost of owning 
and operating a highway tractor 
compared to 19% for a passenger 
car. 

An improvement of 10% in high- 
way tractor fuel economy results 
in a decrease of 4.2% in total own- 
ership costs. In contrast, 10% in- 
crease in passenger car fuel econ- 
omy amounts to a decrease of less 
than 2% in annual costs. 

A 10% decrease in maintenance 
cost results in a 3% decrease in 
annual truck costs compared to 
less than a 1% decrease in annual 
car costs. 

A 10% decrease in the initial 
price of a car will result in a 7.3% 
decrease in car annual cost of 
ownership; in the case of the truck 
this 10% decrease would amount 
to only 1.2% of the total annual 
cost. 


HE FEDERAL AVIATION 

AGENCY, by the end of Jan- 

uary, had certified 12 turbine 
transports and received applica- 
tions for certification of 25 other 
turbine transports and three tur- 
bine-powered helicopters. The 
transports already certified are: 


Fairchild F-27 (Dart) 
Lockheed Electra (501-—D13) 
Boeing 707-100 (JT3C) 
Grumman 159 (Dart) 
Boeing 707-300 (JT4A) 
Douglas DC-8 (JT3C) 
Douglas DC-8 (JT4A) 
Vickers Viscount 745 (Dart) 
Fokker Friendship (Dart) 
Bristol Britannia 305 (Proteus) 
Vickers Viscount 810 (Dart) 
Caravelle SE 210 (Avon) 


In addition, the Napier Eland 
Convair conversion of the CV340 


to turbine power has been ap- 
proved, under the provisions of 
Part 4b and Special Regulation 
SR-423. 


engineering point of view 
would be a 2200-lb car. From 
the point of view of the consumer, 
however, it appears that the 2400 
lb car is the optimum economy car. 


"Ten OPTIMUM CAR from the 


Germany is 13%, France 

29%, England 30%, and Italy 
4014%. The U. S. duty on im- 
ported cars is 842% ad valorem. 


Dee ON U.S. CARS entering 


O DEVELOP AN AUTOMO- 

i BILE UPHOLSTERY FABRIC 

takes the fabric manufac- 
turer from three to six months, on 
the average. Sometimes it takes 
even longer to meet the rigid tests 
which each automobile manufac- 
turer has set up. 

One basic construction, however, 
usually meets the requirements 
and has come to underlie most car 
upholstery fabrics made today: a 
nylon filament warp and spun fill- 
ing yarns of rayon or cotton, and 
mixtures of fibers of this type. 


ALLISTIC MISSILES from 
one continent to another 
take a maximum of 30 min 


to target, according to Admiral 


W. F. Raborn, Director, Special 
Projects, U. S. Navy Bureau of 
Weapons. 


TURBOJET THRUST AUG- 

MENTOR has been devel- 

oped by Continental for use 
with pyrophoric fuels. This aug- 
mentor is only one-half as long as 
a comparable augmentor designed 
to use JP-4. Experiments show 
that the mixture of 4%, TEA (tri- 
ethyl aluminum) and 3%, TMA 
(trimethyl aluminum) gives better 
combustion efficiency at altitude 
than either fuel used by itself. 


HETHER OR NOT A SPACE 
W VEHICLE IS TO BE 
MANNED is of particular 
importance when dealing with a 
nuclear energy source. The need 
to protect men from nuclear radi- 
ation may increase _ shielding 
weight by as much as 400% over 
that required to protect sensitive 
equipment. 


S AIRCRAFT TURBINE EN- 
A GINES ARE FURTHER DE- 
VELOPED, they impose ad- 
ditional quality requirements on 
the fuel. One new requirement 
which was added recently is a 
thermal stability test, usually con- 
ducted at 300 F and 400 F. This 
test measures any tendencies the 
liquid fuel may have to form de- 
posits in certain parts of the en- 
gine’s fuel system which are ex- 
posed to high temperatures. 
Another fuel test requirement 
that may be added shortly to some 
jet fuel specifications is a Lumi- 
nometer rating. The Luminom- 
eter is a laboratory apparatus 
which measures the luminosity or 
radiation characteristics of the 
flame. Extensive testing in some 
of the latest high performance 
turbine engines has shown that 
variations in flame luminosity af- 
fect the working temperature of 
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from SAE meetings, members, and committees 


... continued 


the engine parts in the combustion 
zone that “see” the flame. The 
more radiant flames can thus have 
a deleterious effect and shorten 
the life of such parts. 


UTOMATED HIGHWAY DE- 
A SIGN is predicted in the 
foreseeable future by Basil 
Mikhalkin of Bendix Computer 
Division. Data will be taken pho- 
togrammetrically and punched up 
automatically in terms of digital 
terrain models. The location of 
property lines and values of prop- 
erty will be fed as input into a 
computer with a per unit set of 
construction costs. The computer 
will.then try various alignments, 
choose the most economical align- 
ment as far as right-of-way costs 
and construction costs, and run 
through and produce a completed 
design. 


IGH-ENERGY FORMING 
methods are shaping metals 
at hundreds of feet per sec- 

ond. This compares with a metal 
form rate of up to 5 fps for con- 
ventional forming methods. In 
addition, where forming pressures 
up to 10,000 psi can be obtained by 
conventional means, high-energy 
forming permits forming pressures 
in the magnitude of hundreds of 
thousands of pounds. 


WITH FLEXIBLE, VERY 

LIGHT-WEIGHT GLIDERS 
for recovering payloads reentering 
the earth’s atmosphere. Some of 
the low-speed models are fabri- 
cated of aluminized polyester film 
in very fine gages. Others are 
made of impregnated fabrics with 
inflated or stiffened leading edges. 


Nw IS EXPERIMENTING 
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to operations where the proc- 
ess time is greater than the 
manual time ... when the opera- 
tor’s method affects time more 
than his effort ... and to high 
volume repetitive work. This con- 
clusion is based on the experience 
of production-knowledgeable en- 
gineers who exchanged ideas 
about time study at a recent SAE 
Production Forum. “The stop 
watch,” one said, “‘can be read to 
0.01 min, but cannot be accurately 
read unless the preceding or suc- 
ceeding element is a much longer 
element.” 
Studies are seldom closer than 
+5% because of performance rat- 
ing variations. 


"Tee STUDY is best applied 


plus an economist must com- 

bine talents to properly design 
convection into a heat-treat fur- 
nace, according to J. Huebler of 
Surface Combustion. 

A metallurgist is needed to set 
time and temperature uniformity 
specifications ...an aerodynamist 
to analyze and predict the flow of 
wind ...a heat transfer specialist 
to calculate how rapidly and how 
uniformly the load can be heated 
...a Structural designer to design 
the fan, the duct systems, and the 
furnace enclosure ... and a mate- 
rials handling engineer to find the 
best way to bring the work to the 
furnace, through the furnace, and 
away from the furnace. 

“And, of course,” Huebler com- 
ments, “governing all these analy- 
ses is the primary objective of all 
engineering: economics.” 


Foote: KINDS OF ENGINEER 


ING DEVICES AREN’T 

CHEAP — The flight simu- 
lator for the B-70 costs as much 
as the bomber itself. 


N OWADAYS PILOT TRAIN- 


THOMPSON PRODUCTS 
RAMCO DIVISION 


THOMPSON PRODUCTS 
MOTOR EQUIPMENT 
MANUFACTURING DIVISION 


Copyright 1960, Ramsey Corporation 


EDDING BELLS YIELD TO 
W NAVY BELLS — Nick Mag- 
yar, newly appointed chair- 
man of Committee A-12, Aircraft 
Landing Gear, Shock and Control 
Mechanisms, found that his 
daughter’s wedding plans con- 
flicted with the next meeting of 
his committee. Because this meet- 
ing was scheduled to be held 
aboard an aircraft carrier, Miss 
Magyar graciously bowed to the 
Navy and rescheduled her wedding 
plans. 


in future trisonic jet trans- 

ports will be worth four times 
as much as the same pound saved 
in today’s piston-engine transport. 
This weight advantage will help 
designers justify high perform- 
ance but high priced materials. 
It’s a good thing, too, as conven- 
tional materials like aluminum 
won’t stand up to the 600 F tem- 
peratures expected. 


A POUND OF WEIGHT SAVED 


ORE THAN 500 DEGREES 

OF FREEDOM might be re- 

quired of a mathematical 
model to adequately describe an 
automobile structure with engine 
and suspension says Earle Stepp of 
Chrysler. Such a system is far too 
complex to attempt to predict or 
evaluate with only experience and 
intuition as guides. 


URBINE HELICOPTERS will 
be in commercial operation in 
1961. 


OCKWELL-STANDARD’s W. 
R A. JOHNSON doesn’t accept 

the idea of a single lubri- 
cant for transmission and rear- 
axles as an unquestionable MUST. 
“There is a possibility,’ he says, 
“that other important and equal- 
ly valid aspects may compel us 
deliberately to consider the op- 
posite approach. . The idea 
should be explored in both direc- 
tions before either alternative is 
actually discarded in favor of the 
other.” 
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To Protect 
Our ICBMs 
From 


Surprise 


Attack: 





Fig. 1 — Silo-lift for Titan missile is designed to operate in high overpressure 
range against high megaton warhead yield. 


‘Hard Launching Sites 


‘Mobility and Dispersion 


rn + 


W. R. Stumpe and M. V. Kadlick 
Ar r r Ma ’ LL Fo adry Co 
HE program to protect our retaliatory ICBM’s 


from a surprise attack before they are launched 
includes the following techniques: 


@ Use of hard launching sites (that is, ones de- 
signed to withstand a high degree of blast, ground 
shock, heat, and radiation effects of a nuclear or 
thermonuclear explosion). 

@ Design ICBM’s so that they are adaptable to 
mobile launching from air, land, or sea craft. 


No one launching technique is necessarily better 
than another; rather, just as any good team mixes 
its plays, we need a good mixture of all launching 
techniques to confuse the enemy. 
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Today, however, the trend appears to be from soft 
to hard to harder to hardest to mobility and dis- 
persion. 

Discussed here are examples of both hard launch- 
ing installations and vehicle support systems being 
studied to provide mobility and dispersion. 


Hard launching installations 


Atlas Horizontal — Present Atlas bases are above 
ground. The 75-ft high, 10-ft diameter missile, 
weighing 243,000 lb is stored horizontally in an un- 
fueled condition. For launching, it is raised to the 
vertical position by an overhead erector, fueled and 
fired. 

Good design of the sliding roof, erector, and fuel- 
ing systems achieves the required minimal response 
time. While not meeting the requirements of a hard 
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Fig. 2 — Silo-lift for Atlas missile. It is similar to that for Titan, except 
that there is a single silo rather than three, as for Titan. 
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site, the unusually large quantities of reinforcing 
steel used in the concrete construction do provide 
some blast resistance. 

Titan Silo-Lift Since megaton warhead yields 
are becoming larger, the enemy can be a consider- 
able distance off-target and still damage the instal- 
lation. To overcome this deficiency, an under- 
ground launcher design is desirable. The missile 
chosen for this system was the Titan — liquid fueled, 
like the Atlas. The Titan is 90 ft long, 10 ft in di- 
ameter, and weighs 222,000 lb fully fueled. It will 
be stored, serviced, and launched from completely 
contained underground installations. 

This is the first missile installation that can be 
justifiably designated as hard, since it is designed 
to operate in a high overpressure range against a 
high megaton warhead yield. 

In the silo (Fig. 1) the Titan is placed by stages 
onto the launcher platform, which operates an ele- 
vator. When the first stage is loaded above ground, 
the launcher platform is lowered so the second stage 
can be installed at ground level, and lastly, the nose 
cone is similarly installed. The fully assembled 
missile, when lowered, with the concrete doors 
closed, is in the hard condition. 

In this condition, the missile is isolated by means 
of a crib structure, which is shock-mounted 
through a mechanical spring system. Within this 
crib structure, the missile is raised and lowered on 
the launcher platform. When the command to 
launch is received, the crib is locked to the silo walls, 
the missile is fueled, the doors are opened, and the 
missile raised to the firing position. 

t is obvious that the Titan approaches our initial 
criteria of installation protection and minimum re- 
taliatory time. It is important, of course, that, in 
addition to the missile itself, all the ancillary parts 
of the weapon system have the same hardness 
capacity. 

A missile complex involves three missile silos, 155 
ft deep and 40 ft in diameter, three propellant silos 
37', ft in diameter, three equipment silos 50 ft deep 
and 40 ft in diameter, two antenna silos 65 ft deep 
and 27 ft in diameter, plus a control center. All 
these underground installations are interconnected 
by tunnels 6-10 ft in diameter. Since the complexes 
are self-contained, they must also be fully air con- 
ditioned and provide the necessary living quarters. 

Atlas Silo-Lift In order to improve its sur- 
vivability, the Atlas is also being installed in an un- 
derground launching system similar in concept to 
the Titan, except that a single silo is used rather 
than three, as with the Titan (Fig. 2). 

Below-Ground Launch The next logical step is 
to fire the missile directly from the hole rather than 
bringing it to the surface (Fig. 3). 

With this system, the missile remains in the hard 
condition for the maximum amount of time prior to 
launch. In addition, the improved reliability 
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Fig. 3 — Below-ground launch makes 
it possible to fire missile directly from 
hole rather than bringing it to surface. 
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achieved by eliminating the mechanisms required to 
bring the missile to the surface is definitely worth- 
while. 

Minuteman — The Minuteman departs radically 
from the Atlas and Titan in concept and operation. 
It was conceived as a relatively inexpensive weapon 
system. Since it uses solid propellant, it has some 
definite operational advantages over the liquid- 
fueled Atlas and Titan. Its warhead capacity is 
smaller than that of either the Atlas or the Titan, 
however, and so the need for these ICBM systems for 
selected targets remains. 

The operational concept for the Minuteman is 
quite simple. Many missiles will be stored in un- 
derground silos similar to those for the Titan. Be- 
cause of the solid propellant, and other system im- 
provements, however, the Minuteman can be stored 
underground for long periods with minimum service 
requirements. On the command to launch, doors 
will be opened and the missile launched directly 
from its underground position. 

Titan Below-Ground Launch — The engineering 
problems of applying below-ground launch to the 
Titan are now being studied (Fig. 4). These prob- 
lems are substantial. There is, for example, the 
acoustical problem of reducing the contained noise 
level to a value at which the missile itself is not 
damaged by the resonances, and the problem of 
handling the exhaust gases of combustion. 

Future of Hardness — Hardness is a relative term 
depending on the megaton yield and the overpres- 
sure. The question really is, “How hard is hard?” 

As megaton yields become larger for similar size 
warheads, are our present hard criteria becoming 
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obsolete? Can the enemy damage our retaliatory 
capability of using larger megaton warheads within 
present accuracies, or even with less accuracy? 
The answer is probably yes. When we talk about 
the effect of a multimegaton bomb, we mean craters 
several miles in diameter and about half a mile deep. 

The problem of putting in a hard installation 
against this type of attack is enormous. It can be 
done through such methods as installations within 
mountains, or underwater launching sites, but 
several such installations could easily use up a good 
portion of the yearly defense budget. In addition, 
there is already a rising criticism in some quarters 
against fixed bases as a “Maginot Line” philosophy. 
For an answer, if fixed bases will not suffice, we must 
consider mobility and dispersal. 


Mobility and dispersal 


As the circular probably error of future enemy 
weapon systems decreases, mobility and dispersion 
may become essential for the survival of our deter- 
rent missile forces. This requires the adaptation 
of the missiles themselves to mobility and also the 
Cevelopment of mobile launching systems. 

Essential characteristic of intercontinental mis- 
siles for mobility requirements is that the missile 
contain a powerplant or thrust package that will 
permit minimum reaction time for the weapon sys- 
tem. Also, the trend toward more efficient power 
packages is producing missile configurations and 
characteristics that are more adaptable to mobile 
launching than the present liquid-fueled missile. 
Prepackaged fuel missiles may, however, satisfy the 
operational requirements for mobility. 

There are three types of mobility: air, sea, and 
land. For air and sea, there are the air-launched 
ballistic missile being developed by Douglas and the 
submarine-launched Polaris ballistic missile, by 
Lockheed. 

So far, land mobility has been relatively un- 
touched for ICBM missiles. Recent articles have 
indicated that the Minuteman is being considered 
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Fig. 5 — Many vehicles — both large and small — are required to provide overland mobility. 
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for a mobile system to supplement the fixed instal- 
lation. 

There are three basic types of land mobility: ve- 
hicular, on improved roads or cross-country; rail- 
way, on our vast railroad network; and inland 
waterways, on our navigable rivers and lakes. 

Land Mobility — A large number of vehicles, and 
many of large size, would be needed to transport 
ICBM’s. 

This would make over-the-road travel undesir- 
able, as it would require special escorting, load sur- 
veying, and routing. It would, therefore, seem more 
desirable to use cross-country travel, utilizing the 
400 million acres of land still in the public domain. 
(See Fig. 5.) There are many areas with sparse 
populations and little or no natural obstacles to im- 
pede a convoy of this type. This system might op- 
erate by continually rotating between several fixed 
soft launching sites. It would be difficult, if not im- 
possible, to predict where the missile was at any 
particular time. 

Railway Mobility — Costs for railroad missile sup- 
port systems may be considerably less than for com- 
peting hardbased systems. The operational philos- 
ophy would be quite simple. Many missile car com- 
plexes would be kept in almost continual motion. 
Numerous launch areas could be surveyed along 
railroad right-of-ways. When the launch command 
is received, the missile car would proceed to the 
closest launch area and fire the missile. (Figs. 6 
and 7). 

The problem is that a ballistic missile must be 
accurately launched if it is to hit a target, hence 
the need for surveying predetermined launch areas. 
The simplest way would be to launch the missile 
directly from the car, although separate launch pads 
are also a possibility. 

Waterway Mobility — The missile system would be 
contained in a single barge or Great Lakes steamer. 
It, too, could be kept in continual motion, so that 
prediction of its location would become difficult. 
Its prime disadvantage is the slow speed attainable, 
so that, if spotted and reported, it might still be 
within the blast zone of an enemy-launched missile. 

Integrated Mobility — Mobility with dispersion — 
“integrated mobility” — may offer an answer to the 
ultimate hardness problem. It provides a good bal- 
ance of all types of land mobility, and is based on 
the premise that specific areas of the country can 
support more than one type of mobility dispersal 
technique. 

Much land suitable for vehicular overland mo- 
bility also comes in contact with the railroad sys- 
tems and navigable waterways. Here, a higher mo- 
bility potential can be achieved if the the techniques 
are integrated. It may even be feasible to transfer 
missiles between systems — overland to railroad to 
overland, for example. The “piggyback” type of 
operation combines the long haul efficiency of the 
railroad with the short-haul flexibility of the road 
vehicle. 

The utilization of all mobility approaches involves 
launchings from railway cars, overland vehicles, in- 
land waterway vessels, ships at sea, submarines, and 
conventional aircraft. Nuclear-powered aircraft 
that can stay aloft indefinitely and space platforms 
will add a new dimension to the mobility area, and 
then may achieve .. . the ultimate in mobility. 
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Fig. 6 — Model of railway car missile launching system. 





Fig. 7 — Missile car system at launch area, where missile is to be fired. 
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A quartz piston engine 


built by GM Research is . 


A new tool for combustion 


Ssiewiceaiiee Fred W. Bowditch 


NEW RESEARCH TOOL —a quartz piston en- 

gine — developed at GM Research (Fig. 1) per- 
mits an unobstructed view of the combustion proc- 
esses occurring in overhead-valve combustion 
chambers of compression ratios as high as 10.7/1. 

This new research engine, as Fig. 2 shows sche- 
matically, has a normal overhead valve construction, 
an elongated piston, and a quartz piston crown. 
The combustion process is viewed through a slot in 
the side of the piston by looking at the reflection in 
a canted mirror stationary inside the piston. 

An exploded view of this piston, cylinder, and head 
assembly is shown in Fig. 3. Changes incorporated 
as compared to an original experimental design in- 
clude the laminated disc, the prefocused projection 
lamps (shown in position around the cylinder), and 
the additional oil ring in the lower piston section. 

A cutaway illustration of the cylinder, piston and 
head assembly as developed for the final engine is 
shown in Fig. 4. 

The crown of the piston is made of clear, fused 
quartz. Top and bottom surfaces of the quartz are 
flat and are polished to provide a transparent piston 
crown. The final dimensions of the quartz were de- 
termined by simultaneous consideration of optical 
limitations, bonding area requirements, requisite 
metal wall thickness, and quartz weight. 

The upper piston section serves three functions: 
(1) It provides support for the quartz crown; (2) it 


DATA FOR THIS DESCRIPTIVE ARTICLE 
were drawn from a paper presented by Author 
Bowditch in which he discusses in interesting 
detail the problems met in designing this novel, 
new research engine. 


Included are analyses of the various engi- 
neering questions faced, and the specific 
reasoning behind each of the final design de- 
cisions made. 


Included also in the paper are high-speed 
photographs illustrating some of the normal 
and abnormal combustion studies possible with 
this new equipment. 


seals the combustion chamber from the mirror re- 
gion by providing two compression rings and one oil 
control ring; (3) it provides room to permit the sta- 
tionary mirror to be mounted inside the piston. 

This third function is accomplished by making the 
upper piston section hollow with a slot in one side to 
permit the mirror to be held stationary while the 
piston reciprocates about it. The additional two 
slots in the upper piston section were made to de- 
crease the weight of the piston assembly. 

The lower piston section serves two functions: 
First, it supplies support for the wristpin; second, it 
provides an oil seal between the mirror region and 
the crankcase by supplying oil control rings. 

The transparent disc, shown in Figure 4, sand- 
wiched between the cylinder and the head was fur- 
nished so that external light could be admitted into 
the combustion chamber. This is often desirable 
when photographs of the combustion process are 
taken, since proper external illumination will light 
up various portions of the combustion chamber, pro- 
viding location references for interpretation of the 
photographs. 

The cylinder head is of standard overhead-valve 
design. Since a flat top is furnished on the quartz 
piston crown, the combustion chamber formed by 
the piston and cylinder head can be of standard au- 
tomotive design and, therefore, compression ratio is 
limited only by the usual problems of valve and 
spark-plug location. Various cylinder heads are 
available, providing combustion chambers of from 
4.9/1 to 10.7/1 compression ratios. 


Design problems 


The most difficult problem in designing this en- 
gine was to supply sufficient compressive and tensile 
strength to the quartz-to-metal seal region of the 
piston ...and yet not to obscure the view of the 
combustion chamber. 

To transfer the gas load on the quartz to the up- 
per piston section, a compressive strength of 190,000 
psi was assumed for the quartz. Assumed also was 
a maximum gas pressure of 1000 psi, and a cylinder 
bore of 3.75 in. With these assumptions, a surface 
of about 0.070 sq in. is required to carry the load. 
About 20 times this required area is supplied in the 
final design by a shoulder on the quartz 0.120 in. 
wide. 

To determine the necessary tensile strength in the 
quartz-to-metal seal, a maximum tensile force of 
about 750 lb on the seal due to the momentum of the 
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research 


COMBUSTION CHAMBER 


QUARTZ PISTON CROWN 


ELONGATED PISTON 


to be studied in an engine of current combustion-chamber design and at high 
compression ratios. It makes possible for the first time study of combustion phe- 
nomena occurring under road-load as well as full-throttle engine operating 
conditions. 


| 
MIRROR SUPPORT Fig. 1.— This new quartz piston engine enables combustion engine phenomena 


Fig. 2—Schematic view of new 
quartz engine, showing a normal 
overhead valve construction, an 
elongated piston, and a quartz 
piston-crown 


Fig. 3— Exploded view 
of assembly of piston, 
cylinder, and head as- 
sembly of new quartz 
engine. 
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A new tool for 


combustion research 


. . continued 


CYLINDER HEAD 


TRANSPARENT DISC 


LOAD CARRYING SHOULDER 


BONDING AREA 


UPPER PISTON 
SECTIOP 


Fig. 4 — Cutaway illustration of the quartz engine's cylinder, piston, and 
head assembly 


Fig. 5 — Schematic view of optical system of new quartz engine. 


quartz crown was used as a basis. The necessary 
strength is provided in the design by using Shell 
Chemical Co. Epon 828 to bond the quartz crown to 
the upper piston section. This provides tensile and 
shear strengths of 1000 psi at 300 F and about 100 
psi at 400 F. (Temperatures in the bonding region 
are not expected to exceed 400 F.) 

To separate the compressive and tensile load-car- 
rying regions — which previous experience indicated 
desirable —a tapered portion was designed on the 
bottom of the quartz piston crown (as shown in Fig. 
4). The tapered section of the quartz provides 14.5 
sq in. of bonding surface... which gives a total ten- 
Sile strength of 1450 lb at 400 F to the quartz-to- 
metal bond. This is about a 100% safety factor. 

The one oil and two compression rings on the up- 
per piston section serve not only to seal the combus- 
tion chamber from the mirror region, but also to cool 
the bonding area. 

Fig. 5 is a schematic view of the optical system in 
this new quartz research engine. Provision was 
made in the original design to admit external light 
to the combustion chamber. This was done by mak- 
ing a Pyrex disc the same dimensions as the head 
gasket, but 14 in. thick, and including it as a sand- 
wich between the cylinder and head. By directing 
four 110-v photo spotlights at the disc, sufficient il- 
lumination is obtained to light up the major features 
of the combustion chamber for photographic pur- 
poses. 

A camera view of the combustion chamber is 
shown by Fig. 6. The intake valve is in the upper 
left, the exhaust valve in the lower right, the spark 
plug in the lower left ...and the squish, or close- 
clearance area, in the upper right. The head shown 
forms a 10.7/1 compression ratio combustion cham- 
ber. 

This new research engine makes it possible for the 
first time to study combustion phenomena occurring 
under road-load as well as under full-throttle en- 
gine operating conditions. It may well open a new 
avenue to gasoline engine combustion research. 


To order Paper No. 150B.. . 


from which material for this article was drawn, see p. 6. 


Fig. 6 — Camera view of combustion chamber of new quartz 
engine. 
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Hydrocarbon-air 
fuel cell 


can operate 


motor vehicle economically 


But great increase in amp/sq ft is needed 


for performance; and initial cost is still high. 


n paper by E. A. DeZubay 


NLY ECONOMIC FUEL CELL for motor vehicles 

; a hydrocarbon-air cell. But current den- 

sities (amp/sq ft) must be increased and initial 
costs reduced to make it practical. 

Best chance for early success of this cell lies in 
the high-temperature, molten carbon cell. The 
carbonaceous liquid fuel-atmospherie air cell can 
produce power at a very attractive operating cost 

4 to 4 cents/kwhr (depending on component ef- 
ficiencies and direct cost of fuel). 

At present, the initial cost of hydrocarbon fuel- 
air cells is high due to the material requirements 
and fabrication techniques. In contrast, low-ini- 
tial-cost cells have high operating costs due to their 
stored oxygen requirements. 


Cell design 


Curtiss-Wright Research Division has concen- 
trated its research on the molten carbonate cell as 
the most promising of the hydrocarbon-air cells 

. although other approaches (such as low-tem- 
perature and high-pressure operation with suitable 
catalysts) are possible. 

Extensive tests to determine the most suitable 
electrolyte resulted in selection of a ternary mix- 
ture composed of equal weights of sodium carbonate, 
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3.5 w fuel cell 


lithium carbonate, and potassium carbonate. This 
melts at about 390 C and can be used at much higher 
temperatures. 

Best cell performance is obtained with a fresh 
electrolyte; however, if carbon dioxide is added to 
cell air supply, the electrolyte can be used in- 
definitely with little or no loss in cell performance. 

As a result of a materials compatibility study, the 
following durable materials were recommended for 
fuel cell construction: 


Silver 

Nickel or Inconel 
Inconel 

Type 18-8 stainless 
steel 


Air electrode case 

Fuel electrode case 

Fuel & air supply tubes 
Non-critical parts and equip- 
ment exposed to the molten 
electrolyte and/or occa- 
sionally to air plus electrolyte 
vapor 

Ceramic insulators & spacers Aluminum oxide or 


magnesium oxide 


Electrode design for the experimental cells was 
an evolutionary process and included fully-welded 
tubular and oval shapes made entirely of porous 
metal, rectangular frames with porous metal welded 
to one or both sides and, currently, flat plate re- 
movable electrodes clamped between the two halves 
of the cell. 

The following can be concluded from tests run on 
fuel cells using propane fuel, porous nickel fuel elec- 


35 





Fig. 1 — Sectional view of 3.5 w fuel cell. 


ELECTROLYTE 


INCONEL CASE 


INSULATOR 


trodes, porous silver air electrodes and ternary car- 
bonate electrolytes: 


1. Maximum measured open 
1.02 v. 

2. Maximum measured current density is 31 amp 
ft? at 0.42 v. 

3. Optimum operating temperatures are 500-650 C. 

4. Current density varies inversely with the dis- 
tance between the electrodes. 

5. Cell performance is improved by giving the 
porous nickel fuel electrode an oxidation-reduction 
treatment prior to use. 

6. The high conductivity of the electrolyte pre- 
cludes the use of series connected cells in a common 
electrolyte bath. 

7. Air flow must be relatively high and a bleed 
provided to remove the nitrogen and other inert 
gases. 

8. Carbon formation in the fuel side of the cell is 
a serious problem, if the fuel flow rate to the cell is 
not controlled carefully. 


circuit voltage is 


In order to obtain larger power outputs, a basic 
cell capable of producing 3.5 w was designed. The 
design point of this cell was chosen to operate at a 
current density of 15 amp/ft? at a terminal voltage 
of 0.65 v. To achieve this, double-sided electrodes 
of approximately 5 in. x5 in. were designed. Fig. 1 
and top of p. 35 show cell construction and assem- 
bly. When assembled, the 3/32-in. space between 
the electrodes contains the electrolyte ...a ternary 
equal-weight mixture of Li,CO,, Na.Co,, and K,CO.,. 
Fuel is propane from a small liquified gas container 
mounted on the power unit. Atmospheric oxygen 
is obtained from air. 

No performance data is yet available on these 
cells. 


Electric motor car performance 


To compare the utilization of two types of fuel 
cells —the hydrocarbon-air high-temperature cell 
and the hydrogen-oxygen low-temperature cell — 
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consider a small silent electric motor car. Assume 
the vehicle has the following fixed components: (1) 
20-hp motor and associated switchgear; (2) chassis, 
wheels, seats, and hardware; (3) body, windshield, 
and (4) 2 occupants. 

To obtain the total weight of the car, weight esti- 
mates for each cell, respective reactants and tank- 
age must be made. Table 1 compares these weight 
estimates and total weight of the car using both 
cells. It also compares operating costs. 

Cell weight — A high-temperature hydrocarbon- 
air cell using advanced design concepts could have a 
weight per watt (W..) of 10/i lb per w, where i is cur- 
rent density in amp/sq ft. Corresponding estimate 
for a hydrogen-oxygen cell is 3.25/i lb per w. 


Fuel Weight — If an operational requirement of 
10 hr is assumed, the fuel weights for both types of 
cell can be computed. 

Since the fuel cell in either example operates at 
a constant temperature and constant pressure, the 
maximum energy attainable is the free energy (AF). 
Available free energy of the propane-air reaction 
(F,) and the hydrogen-oxygen reaction (F,) can be 
calculated: 


F, = 6020 whr/lb C,H, 
F,, = 14,850 whr/lb H, 

However, for every pound of hydrogen consumed 
in a hydrogen-oxygen cell, 8 lb of oxygen are re- 
quired so that: 

F,, = 14,850 whr/9 lb of reactants = 1650 whr/Ib. 


The hydrocarbon cell uses air as the oxidizer, so 
requires no additional reactants. 

If 20 hp are delivered at the wheel with a motor 
efficiency of .85 and a fuel cell efficiency of .70, the 
energy input to the cells must be 


_ 20 hp x 746 w/hp 

~ ——~"'85 = 70 ae 
with an energy output from the fuel cells of 
E,,= 25,100 x 0.7 = 17,550 w 


E 
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So for a 10 hr continuous operating requirement, 
251,000 whr are required. This yields a fuel weight 
for the hydrocarbon-air cell of 


251,000 watt-hr 

6020 watt-hr/lb 

and for the hydrogen-oxygen cell of 
251,000 


Wy, RE 153 lb of reactants total (17 lb hydro- 
1650 gen + 136 lb oxygen) 


Tankage Weight — Tankage required for 41.8 lb 
propane would be 75 lb (based on weight of standard 
cylinder size No. 1). Tankage weight for gaseous 
hydrogen and oxygen would be 615 lb based on 
Single tanks for each, with wall thickness one-half 
that of standard high-pressure cylinders usually 
used to ship compressed gas. 

Gross weight as a function of current density is 
plotted in Fig.2. Ona weight basis, at current den- 
sities less than 150 amp/sq ft the hydrogen-oxygen 
cell is preferred. From operating cost considera- 
tions, the hydrogen-oxygen cell is overshadowed by 
the hydrocarbon cell. 

The importance of light weight is illustrated by 
Table 2 and Fig. 3 which show the acceleration per- 
formance and hill climbing ability respectively of 
the 20 hp (series-wound) motor vehicle. 

As seen in Fig. 2, only a futuristic hydrocarbon- 
air cell with a current density of about 600 amp/sq 
ft could be used for a 2000-lb vehicle. The hydro- 
gen-oxygen cell, because of the required tankage 
weight, misses the possibility of attaining such a 
low weight. 

For a 3500-lb vehicle, a contemporary hydrogen- 
oxygen cell operating at 60 amp/sq ft would satisfy 
the required condition. Similarly a hydrocarbon- 
air cell at 100 amp/sq ft could also meet the weight 
requirements. . This value of current density 
could be achieved in the near future. 

At 5000 lb total vehicle weight, performance is so 
poor that there would be no demand for such a 
vehicle, even though both cells could be used as the 
power source. 
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Table 1 — Car Weight for Two Fuel Cell Types 


Cell Type Hydrocarbon Hydrogen- 
Air Oxygen 

Motor & associated 
switchgear 

Chassis 

Body Windshield 

Occupants (2 men) 

Tankage 

Fuel 

Fixed Weight Subtotal 

Cell Weight (17,550 x W.) 175,500 
i 


Gross Weight 1787 + 175,500/i 2438 + 57,000/i 
10 hr cost of operation $5.27 $156.60 
(max power) 


Table 2 — Acceleration Performance of 20 hp 
Series Motor at Different Weights 
Weight Time 
(W) (0 to 30 mph) 
2000 Ib 6.35 sec 


3500 Ib 11.10 sec 
5000 Ib 15.80 sec 


Distance 
(0 to 30 mph) 


205 ft 
359 ft 
512 ft 





DENSITY AMP/FTE 


Fig. 2— Vehicle weight as a function of current density. 


Fig. 3 — Hill-climbing ability of fuel cell car. 








Tailoring the Corvair 


... licks handling problem, thereby gaining 


‘on paper by Charles M. Rubly 
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ANDLING deficiency, caused by a weight distri- 

bution of 40% front and 60% rear, was over- 
come in the Corvair by engineering from the ground 
up. By giving special attention to tires, to the sus- 
pensions and their attachments, and to the relative 
stiffness of the body, the following four advantages 
were gained: 


@ Little change in weight distribution from curb 
to full load weight. 

@ Near equal braking 
during braking. 

@ Light steering effort. 

@ Increased traction with same overall vehicle 
weight. 


effort on weight transfer 


Tire developments 


In the early stages of development it was found 
that existing 13-in. tires were unsatisfactory. After 
much experimentation it was decided to use a 
6.50-13 tire with 4-ply rating incorporating new 
proportions, a height to width ratio of 0.85, and a 
lower cord angle. A stiffer carcass stock and softer 
tread stock were also specified to improve stability 
’ and ride comfort. It is used on a 5.5-in. rim with 
pressures of 15 psi front and 26 psi rear in order 
to obtain as close as possible equal slip angles under 
lateral accelerations. 

Fig. 1 shows cornering force versus slip angle for 
three different tire and rim combinations. The 
difference between lower and upper curves is the 
total gain when using the new tire section on a 
5.5-in. rim, for an average gain of approximately 
19%. At the specified tire pressures and at one- 
passenger load, the deflections of front and rear 
tires are practically the same. At five-passenger 
load the difference in deflection is less than 1 in. 
Under hot conditions the difference will be slightly 
greater. 


Front suspension 


The front suspension shown in Fig. 2 was de- 
signed for simplicity, ease of assembly, and low cost. 
The only significant difference from the regular 
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had from unconventional 


Chevrolet car suspension is the use of a strut rod 
instead of a double-bushed, lower control arm, and 
the feature of unitizing the front suspension for 
ease of assembly at both manufacturing and assem- 
bly plants. Camber and caster are preset under a 
load representing the proper weight of the car on 
the suspension. Brake adjustment is also accom- 
plished at time of unitizing. Toe is partially set at 
the manufacturing plant, with the final setting 
made at the end of the final assembly line with 
front and rear wheels on the rolls. 

The front suspension unit is attached by six bolts, 
three on each side, driven from below into nuts in 
the body structure. The front suspension cross- 
member is attached directly to the body structure 
without any means of isolation because none has 
been found to be needed. 


Rear suspension 


Fig. 3 shows the rear suspension, transaxle, and 
engine assembled as a unit. This unit is attached 
to the body by five bolts, all cushioned in rubber. 

In this swing-axle, rear suspension the control 
arms are mounted in a semitrailing attitude so that 
their projected pivot axes pass through their re- 
spective axle shaft universal joint centers. This 
arrangement limits slip at the U-point splines and 
allows the use of single, self-aligning, bearing as- 
semblies at each axle shaft. Fig. 4 shows the bear- 
ing outer housing to be fastened through the flange 
plate to the control arm. The bearing inner race is 
a press fit on the axle shaft which carries the brake 
drum. 

If transaxle and engine are properly shimmed fore 
and aft, and if up and down dimensions are correct, 
the centerline through the control arm shaft inter- 
sects the U-joint on the inner end of the axle shaft. 
If such alignment existed at all times, the flange 
plate, brake shoes, and drum would stay parallel to 
each other throughout the ride travel. But this is 
unlikely, so the bearing was designed to accommo- 
date a 3-deg variation between flange plate and 
drum. 


Roll couples 


Roll couple distribution front and rear is shown 
in Fig. 5, where the Corvair with its swing axle is 
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Fig. 1— Handling deficiency, characteristic of 
vehicles having a 40-60 front and rear weight 
distribution, was overcome in the Corvair by 
using a tire of new construction and proportions, 
with lower pressure in the front tire. Chart 
shows gain in cornering force versus slip angle 
by going to a tire of 0.85-height to width ratio 
on a 5.5-in. rim. 


Fig. 2—Corvair front sus- 
pension differs from Chev- 
rolet in use of strut rod in 
place of double-bushed, 
lower control arm. Suspen- 
sion is unitized. 





ENGINE REAR MOUNT 
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Fig. 3—Swing-axle rear 
suspension, transaxle, and 
engine are assembled as a 
unit, attached to body by 
five bolts cushioned in rub- 
ber. Note control arm 
mounted in semitrailing po- 
sition. 
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compared with another vehicle identical except for 
a solid rear axle and leaf springs. The roll axis 
intersects the centerline of front wheels at the 
ground in both cases. With the roll axis being higher 
on the swing axle and the height of c.g. the same in 
both cases, the moment around the roll axis is less 
for the swing axle, reducing body roll over the leaf 
spring suspension as much as 40% under identical 
lateral accelerations. 

However, due to the difference in how the load 
causing the roll during lateral acceleration is ap- 
plied to the tires, a greater percentage of roll couple 
and overturning couple is carried on the leaf spring 
car than on the swing axle vehicle. Moreover, with 


this swing axle suspension more of the roll couple is 
taken on the rear than on the front, and if tire pres- 
sures were equal front and rear the result would be 
greater slip angles on the rear than on the front. 
Actually, the difference between slip angles under 
cornering conditions is very small because of the 





Fig. 4— Bearing outer housing of Corvair rear suspension is fastened 
through flange plate to the control arm. Bearing inner race is a press 
fit on the axle shaft carrying the brake drum. 


Fig. 5— Schematic view to show 
roll couple distribution of Corvair 
with swing axle and identical car 
with solid rear axle and leaf spring. 
. Body roll with swing axle is re- 
duced as much as 40% over that 
of leaf spring under identical lat- 
eral accelerations. 
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lower front tire pressure made possible by the lighter 
front end. 


Why this type of swing axle suspension? 


There are swing axle rear suspensions which per- 
mit transferring more of the roll couple to the front 


end. This particular type was chosen because of: 

1. Lower cost. 

2. Ease of assembly. 

3. Ease of service. 

4. Simplicity of design. 

5. Ability to use coil springs. 

6. Reduction of unsprung weight. 

7. Ability to isolate the body from distortion 
stresses. The rear suspension cross-member, iso- 


lated from the body by eight large rubber cushions, 
supports all its suspension elements. This is a large 
factor in reducing transmission of road and engine 
noises into the vehicle. 


Body structure 


With a separate frame and body type of construc- 
tion, an adequately stiff body can be mounted 
through rubber to a somewhat more limber chassis 
frame, thus permitting a torsional rate over the 
length of the wheelbase as desired for ride without 
sacrificing body quality. 

With integrated frame and body construction the 
designer’s freedom is restricted. The stiffness re- 
quired for body durability and performance cannot 
be sacrificed, so that a greater proportion of the 
flexibility or isolation from the road has to be de- 
signed into the suspension or its mounts. In this 
respect unitized suspension systems have a clear ad- 
vantage. The Corvair, for example, with the chassis 
springs blocked out has a unit torsion rate of ap- 
proximately 60,000 lb-ft/ deg /ft. But the body alone 
is stiffer. The ability to isolate the rear suspension 
from the body through rubber cushions permitted 
the tailoring of torsional rigidity for ride quality 
without sacrifice of body quality. 
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Better Air Brakes 


are just around the corner 


R. B. Palmer 


HE MODERN airbrake is a vast improvement over 

that of 30 years ago. But even greater advances 
lie ahead, both in the foundation brake and in the 
air supply. 

A wedge-operated brake, on which considerable 
work has been done already, is among the more in- 
teresting designs soon likely to come into general 
use. The British Fawick-Girling design — one of 
several currently under development here and 
abroad — uses one chamber mounted at a right 
angle to the brake which, by a system of bell cranks 
and levers, results in two primary shoes per brake, 
thus increasing the effectiveness approximately 50%. 
This brake is now in use on some British vehicles. 


New retarder brake 


There are other types of brakes employing wedges 
at top and bottom, each of which is actuated by a 
separate air chamber and each having the same 50% 
increase in effectiveness as the Girling brake. 
Wedge-operated brakes installed on several Grey- 
hound cross-country buses some years ago are still 
working satisfactorily as far as is known. 

Brake manufacturers keep their developments 
under wraps, but it is known that the Wagner Elec- 
tric Co. has under development a new type of foun- 
dation brake which can double as a retarder. This 
development was sparked by the realization that in 
view of higher speeds and loads the drum-type brake 
has just about reached the limits of capacity be- 
cause of space limitations. The Wagner design is a 
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disc brake, air operated and liquid cooled. Since the 
specific heat of the liquid is about six times that of 
iron, this type of brake obviously can dissipate large 
amounts of heat. As a result, the wear of linings 
would be very low and fade would be reduced to a 
minimum. For this reason, the brake also can be 
used as a retarder. 

Most retarders in use today, other than exhaust 
retarders, are very heavy and they are not received 
with any enthusiasm because payload is such an im- 
portant factor in commercial vehicles. For this 
reason, the liquid-cooled brake has definite promise 
for the future. 


Trend to higher pressures 


There is a distinct trend toward higher air and 
tank pressures. The old governor setting of 85 psi 
cut-in and 105 psi cut-out has been increased to 105 
psi cut-in and 125 psi cut-out by at least three truck 
manufacturers. A 185-psi safety valve would be re- 
quired to maintain the 50% overload requirement on 
the valve. There is a trend toward still higher tank 
pressures, ranging from 350 to 500 psi. These higher 
pressure systems would permit use of smaller actu- 
ating units which would be all to the good in view of 
the space limitations in the foundation brake area. 

Nevertheless, the use of higher pressures would 
create a large number of problems. Some new types 
of fittings and much better hose would be required. 
Tanks would be of heavier gage and probably would 
be required to pass ASME tests as unfired pressure 
vessels. We can also look for a split system which 
would always provide brakes on at least one axle of 
a single vehicle and on two or more axles of a com- 
bination. 
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Flexible Reentry Glider 


for bringing astronaut to earth unscorched 


J. G. Lowry and F. M. Rogallo 


PROMISING contender among reentry vehicles 

under investigation by the NASA for aeronautic 
and space flight application is the flexible glider 
shown in Fig. 1. 

In this artist’s conception, the passenger and 
cargo compartment is suspended on lines beneath 
the flexible aerodynamic surface, which is essen- 
tially a tension structure of very light weight per 
unit of area. This lifting surface would be kept 
folded in a bundle like a parachute until deployed 
for reentry. 


Why a lifting vehicle? 

The reasons for choosing a lifting type of reentry 
vehicle are illustrated in Fig. 2. Two flights paths 
are plotted to show the difference between the lift- 
ing and nonlifting (capsule) type of reentry. The 
lifting vehicle flies at lower speeds at the higher 
altitudes and keeps out of the region of high heat- 
ing. This reduces the problems associated with 
high-temperature materials as well as those con- 
cerned with keeping the astronaut within tolerable 
heat limits. The lower the wing loading the further 
the lifting vehicle curve is from the heat boundary 
and thus the cooler the structure. For this reason, 
the vehicle being discussed here has as low a wing 
loading as possible. Other advantages are the re- 
duction in reentry accelerations and the ability to 
maneuver laterally as well as in the plane of the 
orbit. 


Results of tests 


Models having 7- and 17-ft spans have been built 
and tested in a wind tunnel as well as given free- 
glide tests from helicopters. A model was_con- 
structed of thin (1/64-in.) sheet aluminum and was 
restrained along the keel and at the confluence of 
the shroud lines. Its performance encouraged the 


42 


construction of a model with a flexible surface, 
nylon sealed with 144-mm Mylar, and rigid leading 
edges and keel. Rigid members were used because 
they simulated inflated edges without the trouble of 
building inflated structures. 

One model was built with the spring-loaded nose 
section turned up (Fig. 3) and another with the 
nose section turned down. The turned-up nose 
gives much lower lift-drag ratios than the turned- 
down nose, but it acts to make the glider very stable 
in free glides and takes care of unusual launch atti- 
tudes and severe gusts. A full-scale device is en- 
visioned which would have an almost straight nose 
section since it would be controlled by pilot or by 
radio control at all times. 

To evaluate the flexible lifting surface, calcula- 
tions were made using equations involving 2 deg of 
freedom over a curved earth. The reentry into the 
earth’s atmosphere was at a constant angle of at- 
tack 60 deg, and an entry angle of 1 deg to the local 
earth tangent. It was found that the velocity fell 
rapidly while the vehicle was still at extremely high 
altitudes and as a result the maximum tempera- 
tures are reasonably low — within the capabilities 
of existing materials. 


Retro-rocket requirements 


For near earth orbits the high drag of the lightly 
loaded vehicle at angles of attack approaching 90 
deg can provide a retarding force to help initiate 
reentry, thereby reducing retro-rocket requirements. 
Fig. 4 shows the area where retro-thrust would be 
required as a function of the orbital altitude and 
the distance along the earth traveled. The cut-off 
point could be anything from say 14 to 1 or 2 orbits 
and the altitude would depend upon the size of the 
flexible surface relative to the total weight. The 
surface could be made large enough so that no retro 
would be required for some orbits. Assuming this 
has been done, it is only necessary to open the lift- 
ing surface and glide to the earth. 
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New Developments in 


Automatic Transmission 


L. W. Manley and N. V. Messina 


LUID PROPERTIES of principal importance to 
proper functioning of automatic transmissions 


are: 


1. Adequate viscosity at high temperature. 

2. Good fluidity at low temperature. 

3. Excellent oxidation and thermal stability. 

4. Proper friction-reducing characteristics. 

5. Compatibility with rubber seals and paper disc 
clutch plates. 

6. Good resistance to foaming. 


To get these properties, selected base stock and 
additive combinations must be used. 

Additives which inhibit oxidation in a severe 
100-hr Hydramatic inertia cycling test may actually 
deteriorate, as the data in Table 1 indicate. These 
data show that inhibitors may be added to an oil 
to decrease oil deterioration under severe oxidizing 
conditions. If, however, the inhibitor is not prop- 
erly selected, it can contribute to deposits due to 
thermal instability under prolonged high-tempera- 
ture use. 

In addition to having proper additives to inhibit 
oxidation, Socony Mobil tests show, detergents are 
needed in the formulation to keep deposit lay down 
to a minimum. Selection of these detergents must 
be carefully made, because some detergents may 
interfere with other desirable properties of the fluid 
— such as friction-reducing characteristics or low- 
temperature fluidity. Some detergents, moreover, 
are not too efficient in keeping the transmission 
clean. The data in Table 2 illustrate this. 

As might be expected, automatic transmission 
fluid composition is an important factor in de- 
termining its friction-modifying characteristics. A 
satisfactory fluid contains a critical balance of ad- 
ditive ingredients in order to obtain just the right 
amount of “lubricity.” Materials used to impart the 
desired friction-modifying characteristic to an au- 
tomatic transmission fluid are usually classified as 


mild, extreme-pressure, or load-carrying agents 
Typical of compounds that perform this function 
are organic polar compounds such as sulfurized 


fats, fatty acids, and esters 
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Concentration of the additive employed is ex- 
tremely critical with respect to balancing the fluid’s 
“lubricity.” Table 3 gives results of a study of the 
“lubricity” effect of an “antisquawk” additive by 
varying its concentration in a fully compounded 
automatic transmission fluid. 

Table 3 makes apparent that — if insufficient ad- 
ditive is present, as in blend 1—squawking occurs 
in the road test but is satisfactory in the 50-hr 
durability and cycling test. In this latter test, 
clutch engagement was not as smooth as desired, 
but the oil completed the test without excessive 
slipping of the clutch plates and accompanying de- 
layed-shift pattern and overspeeding of the engine. 

However, if the additive concentration is too high, 
as in blend 3, the frictional characteristics are such 
as to prevent squawking in the road test but are 
unsatisfactory in the 50-hr durability and cycling 
test. In this case, during clutch engagements the 
high concentration of the additive imparts too much 
“lubricity.” This allows clutch slippage, with re- 
sultant prolonged shift patterns, engine overspeed- 
ing, and clutch-plate burning. The critical concen- 
tration effect is, therefore, evident, since in the 
satisfactorily balanced fluid (blend 2) there is only 
a small effective concentration range for the “anti- 
squawk” agent. 

In addition to the concentration effect, it has been 
observed that fluid oxidation can destroy the ef- 
fectiveness of the lubricity additive. This can be 
observed in the 100-hr jetaway hydramatic inertia 
cycling test. 

Table 4 summarizes the frictional studies made on 
four fully compounded automatic transmission 
fluids. It can be seen that in test oils 1 and 2, the 
road tests indicate satisfactory frictional qualities, 
but when evaluated in the 100-hr Hydramatic 
inertia cycling test, squawking occurs. In each case 
the fluids showed a substantial neutralization num- 
ber increase, indicating oil oxidation. However, in 
the 100-hr test with test oils 3 and 4 no squawking 
occurs, and the fluid does not oxidize, as evidenced 
by the lack of acid formation. 

One final factor that should be considered with 
respect to the frictional qualities of a fluid is the 


possible interference of various additives in the 
formulation. This effect is summarized in Table 5, 
which gives the squawk ratings obtained in a test 
car with different additives 

It can be seen that lubricity agent A possesses 
good antisquawk properties and that detergent B 


also shows improved antisquawk properties over the 
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Table 1 — High-Temperature Transmission Tests 


Powerglide 
Oxidation 
Test Rating 


100-Hr Cycling 
Inertia Test Rating 


Excessive oil oxidation 
at 60 hr 

Good oil condition 
at 100 hr 

Moderate oil oxidation 
at 90 hr 


Excellent 
(very clean 
Borderline 
(slight deposits 
Excellent' 
(very clean 
Excellent' 
(very clean 


Test Oil I* 


Test Oil | 

plus Inhibitor A 
Test Oil | 

plus Inhibitor B 
Test Oil | Good oil condition 


plus Inhibitor C at 100 hr 


Contains V.|. improver, detergent, inhibitor, and antisquawk agents. 
Duplicate test runs 


base oil, although still unsatisfactory. However, 
contrary to what might be expected, combining de- 
tergent B with lubricity agent A (line 4) results in 
squawking, indicating the incompatibility of the two 
materials. However, as indicated by the satisfac- 
tory squawk test, detergent F does not interfere 
with the effectiveness of lubricity agent A. There- 
fore, it is apparent that, in choosing additives for an 
automatic transmission fluid, many things must be 
considered. 


Other properties 


In addition to the major performance character- 
istics, several other properties must be incorporated 
in a Satisfactory automatic transmission fluid. 
Principal of these are: 


@ The fluid’s 
ponents. 

@ Its resistance to foaming. 

@ Its rust prevention ability 


compatibility with system com- 


The main elements to be considered with respect 
to fluid compatibility with system components are 


1. Clutch plate facing material 

2. Nonferrous transmission components 

3. Elastomeric seals 

Fluid incompatibility with clutch plate facing ma 
terials has been observed in laboratory transmis 
sion cycling tests, which show deterioration and 
removal of some facing materials from their steel 
backing plat If this distress becomes severe 
enough, transmission malfunctioning will 

In som itch plate distre can be at 
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Table 2 — Effect of Detergent Type on Powerglide 
Oxidation Test 


% Detergent 
Metal 
in Oil 
Pius Detergent Combination A 0.4 


Powerglide 
Oxidation 
Test 


Excellent 
(very clean) 
Light deposits 


Test Oil (without Detergent) 


Plus Detergent Combination B 0.4 


Although both oils contain the same amount of metallic detergent on 
a metal equivalent basis, the results in the Powerglide test are quite 
different. 


Table 3 — Concentration Effect of “Antisquawk”’ 
Agent on Fluid Lubricity 


Blend 1 Blend 2 Blend 3 


% “Antisquawk” Agent 1.6 2.1 3.2 

Squawk Test — Test Car Occasional None None 

squawk 
Pass Rear clutch slippage 


at 37 hr 


50-Hr Durability and Pass 


Cycling Test 


Table 4 — Effect of Oxidation on Friction Modifying 
Characteristics of Automatic Transmission Fluid 
Test Oil 1 2 3 7 


Car Test Smooth Smooth Smooth 
2 shift, shift, shift, 
no squawk no squawk no squawk 


Rough 
shift, 
no squawk 

100-Hr Inertia 


Cycling Test Squawk at Nosquawk No squawk 


90 hr 


Squawk at 
60 hr 
Neut. No. In- 
crease at 
Time of 
Squawk 


Table 5 — Effect of Additives on Frictional Qualities of 
Automatic Transmission Fluids 


Squawk Ratings in 
Test Car 


Heavy 
None 
Light 


Medium/heavy 


Oil Tested 


Base oil 

Lubricity Agent A* 
Detergent B 
Lubricity Agent A* 
Detergent B* 
Lubricity Agent A* 


Detergent F None 


Same concentration of lubricity and detergent additives in all blends 


Table 6 — Effect of Additives in 5000-Cycle 
Powerglide Test 
Additives in Finished Fluid 


Antroxident A Fail 
Antioxidant 6 Pass 
Antisquawk Agent A Fav! 
Antisquawk Agent 6 Pass 


Result 


plates Haked 
no dutress 
plates Habed 
no dutress 





New Developments in 


Automatic Transmission 


L. W. Manley and N. V. Messina 


LUID PROPERTIES of principal importance to 
proper functioning of automatic transmissions 


are: 


1. Adequate viscosity at high temperature. 

2. Good fluidity at low temperature. 

3. Excellent oxidation and thermal stability. 

4. Proper friction-reducing characteristics. 

5. Compatibility with rubber seals and paper disc 
clutch plates. 

6. Good resistance to foaming. 


To get these properties, selected base stock and 
additive combinations must be used. 

Additives which inhibit oxidation in a severe 
100-hr Hydramatic inertia cycling test may actually 
deteriorate, as the data in Table 1 indicate. These 
data show that inhibitors may be added to an oil 
to decrease oil deterioration under severe oxidizing 
conditions. If, however, the inhibitor is not prop- 
erly selected, it can contribute to deposits due to 
thermal instability under prolonged high-tempera- 
ture use. 

In addition to having proper additives to inhibit 
oxidation, Socony Mobil tests show, detergents are 
needed in the formulation to keep deposit lay down 
to a minimum. Selection of these detergents must 
be carefully made, because some detergents may 
interfere with other desirable properties of the fluid 
— such as friction-reducing characteristics or low- 
temperature fluidity. Some detergents, moreover, 
are not too efficient in keeping the transmission 
clean. The data in Table 2 illustrate this. 

As might be expected, automatic transmission 
fluid composition is an important factor in de- 
termining its friction-modifying characteristics. A 
satisfactory fluid contains a critical balance of ad- 
ditive ingredients in order to obtain just the right 
amount of “lubricity.”” Materials used to impart the 
desired friction-modifying characteristic to an au- 
tomatic transmission fluid are usually classified as 
mild, extreme-pressure, or load-carrying agents. 
Typical of compounds that perform this function 
are organic polar compounds such as sulfurized 
fats, fatty acids, and esters. 

* The paper from which the material for this article was drawn was pre- 
sented at the 8th International Automobile Technical Congress at The Hague 


The Congress is sponsored by Federation Internationale des Societes d'Inge- 
nieurs des Techniques de ! Automobile (FISITA 


44 


Concentration of the additive employed is ex- 
tremely critical with respect to balancing the fluid’s 
“lubricity.” Table 3 gives results of a study of the 
“lubricity” effect of an “antisquawk” additive by 
varying its concentration in a fully compounded 
automatic transmission fluid. 

Table 3 makes apparent that — if insufficient ad- 
ditive is present, as in blend 1—squawking occurs 
in the road test but is satisfactory in the 50-hr 
durability and cycling test. In this latter test, 
clutch engagement was not as smooth as desired, 
but the oil completed the test without excessive 
slipping of the clutch plates and accompanying de- 
layed-shift pattern and overspeeding of the engine. 

However, if the additive concentration is too high, 
as in blend 3, the frictional characteristics are such 
as to prevent squawking in the road test but are 
unsatisfactory in the 50-hr durability and cycling 
test. In this case, during clutch engagements the 
high concentration of the additive imparts too much 
“lubricity.” This allows clutch slippage, with re- 
sultant prolonged shift patterns, engine overspeed- 
ing, and clutch-plate burning. The critical concen- 
tration effect is, therefore, evident, since in the 
satisfactorily balanced fluid (blend 2) there is only 
a small effective concentration range for the “anti- 
squawk” agent. 

In addition to the concentration effect, it has been 
observed that fluid oxidation can destroy the ef- 
fectiveness of the lubricity additive. This can be 
observed in the 100-hr jetaway hydramatic inertia 
cycling test. 

Table 4 summarizes the frictional studies made on 
four fully compounded automatic transmission 
fluids. It can be seen that in test oils 1 and 2, the 
road tests indicate satisfactory frictional qualities, 
but when evaluated in the 100-hr Hydramatic 
inertia cycling test, sgquawking occurs. In each case 
the fluids showed a substantial neutralization num- 
ber increase, indicating oil oxidation. However, in 
the 100-hr test with test oils 3 and 4 no squawking 
occurs, and the fluid does not oxidize, as evidenced 
by the lack of acid formation. 

One final factor that should be considered with 
respect to the frictional qualities of a fluid is the 
possible interference of various additives in the 
formulation. This effect is summarized in Table 5, 
which gives the squawk ratings obtained in a test 
car with different additives. 

It can be seen that lubricity agent A possesses 
good antisquawk properties and that detergent B 
also shows improved antisquawk properties over the 
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Fluids 


Table 1 — High-Temperature Transmission Tests 


Powerglide 
Oxidation 
Test Rating 


100-Hr Cycling 
Inertia Test Rating 


Excessive oil oxidation 
at 60 hr 

Good oil condition 
at 100 hr 

Moderate oil oxidation 
at 90 hr 

Good oil condition 

plus Inhibitor C at 100 hr 


‘ Contains V.1. improver, detergent, inhibitor, and antisquawk agents. 
Duplicate test runs 


Excellent 
(very clean 
Borderline’ 
slight deposits 
Excellent' 
(very clean) 
Excellent' 
(very clean 


Test Oil |* 


Test Oil | 

plus Inhibitor A 
Test Oil | 

plus Inhibitor B 
Test Oil | 


base oil, although still unsatisfactory. However, 
contrary to what might be expected, combining de- 
tergent B with lubricity agent A (line 4) results in 
squawking, indicating the incompatibility of the two 
materials. However, as indicated by the satisfac- 
tory squawk test, detergent F does not interfere 
with the effectiveness of lubricity agent A. There- 
fore, it is apparent that, in choosing additives for an 
automatic transmission fluid, many things must be 
considered. 


Other properties 


In addition to the major performance character- 
istics, several other properties must be incorporated 
in a satisfactory automatic transmission fluid. 
Principal of these are: 


@ The fluid’s 
ponents. 

@ Its resistance to foaming. 

@ Its rust prevention ability. 


compatibility with system com- 


The main elements to be considered with respect 
to fluid compatibility with system components are: 


1. Clutch plate facing material. 
2. Nonferrous transmission components. 
3. Elastomeric seals. 


Fluid incompatibility with clutch plate facing ma- 
terials has been observed in laboratory transmis- 
sion cycling tests, which show deterioration and 
removal of some facing materials from their steel 
backing plate. If this distress becomes severe 
enough, transmission malfunctioning will result. 

In some cases clutch plate distress can be at- 


JULY, 1950 


POCUUULEDAAUAAAAATDGAE EEE 


Table 2 — Effect of Detergent Type on Powerglide 
Oxidation Test 


% Detergent 
Metal 
in Oil 
Plus Detergent Combination A 0.4 


Powerglide 
Oxidation 
Test 


Excellent 
(very clean) 
Light deposits 


Test Oil (without Detergent) 


Plus Detergent Combination B 0.4 


Although both oils contain the same amount of metallic detergent on 
a metal equivalent basis, the results in the Powerglide test are quite 
different. 


Table 3 — Concentration Effect of “Antisquawk” 
Agent on Fluid Lubricity 


Blend 1 Blend 2 Blend 3 


% “Antisquawk” Agent 1.6 2.1 3.2 

Squawk Test — Test Car Occasional None None 

squawk 
Pass Rear clutch slippage 


at 37 hr 


50-Hr Durability and Pass 


Cycling Test 


Table 4 — Effect of Oxidation on Friction Modifying 
Characteristics of Automatic Transmission Fluid 
Test Oil 1 2 3 4 


Car Test Smooth Smooth Smooth 
shift, shift, shift, 
no squawk no squawk no squawk 


Rough 
shift, 
no squawk 
100-Hr Inertia 

Cycling Test No squawk 


Squawk at No squawk 


90 hr 


Squawk at 
60 hr 
Neut. No. In- 
crease at 
Time of 
Squawk 


Table 5 — Effect of Additives on Frictional Qualities of 
Automatic Transmission Fluids 


Squawk Ratings in 
Test Car 


Heavy 
None 
Light 


Medium/heavy 


Oil Tested 


Base oil 

Lubricity Agent A* 
Detergent B* 
Lubricity Agent A* } 
Detergent B* § 
Lubricity Agent A* } 


Detergent F § None 


‘ Same concentration of lubricity and detergent additives in all blends. 


Table 6 — Effect of Additives in 5000-Cycle 
Powerglide Test 
Additives in Finished Fluid 


Antioxident A 
Antioxidant B 
Antisquawk Agent A 
Antisquawk Agent B 


Result 


Fail — plates flaked 
Pass — no distress 
Fail — plates flaked 
Pass — no distress 
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tributed to the additive combination employed in 
the fluid. Typical results obtained in the 5000- 
cycle Powerglide test, which gives this distress, are 
shown in Table 6. (A description of this test is 
given in the proposed GM Type A Specification.) 

Table 6 makes it evident that choice of additives 
can affect the clutch plate facing durability. This 
distress appears to be caused by chemical reaction 
of the additive with the components in the facing 
material or by clutch plate slippage with fluids 
having too much “lubricity.” 

At the same time the chemical reactivity of ad- 
ditive materials should be considered with respect 
to possible corrosive attack on nonferrous metal 
transmission parts. This is particularly true of 
transmissions containing copper-alloy components, 
which in some instances are corroded by active 
chemicals. In designing the automatic transmis- 
sion fluid, the detergent, antioxidant, and the anti- 
wear or lubricity agents should be carefully chosen 
to avoid corrosive attack. 

Fluid leakage in an automatic transmission can 
become a severe problem if the automatic trans- 
mission fluid is not compatible with the elastomer 
sealing materials. The fluid should not cause 
shrinking, excessive swelling or cracking of the 
seals. For optimum performance, a slight swelling 
(1-6 vol %) in a laboratory-immersion-type test is 
desired. The type of base oil used is the most im- 
portant formulation variable affecting seals. In 
general, the paraffinic stocks shrink the synthetic 
rubber seals while the naphthenic stocks cause 
swelling. The level of swell desired may be ob- 
tained by balancing the ratio of base oil components 
consistent with other fluid requirements. Although 
base oil choice is of most importance, additives may 
also affect seals. 

Automatic transmission fluids must possess ex- 
cellent resistance to foaming. Usually this can be 
obtained by careful selection of fluid components 
plus the addition of antifoam agent, such as the 
silicon type. 

Finally, since the transmission can breathe, water 
vapor can condense init. This water can cause rust- 
ing, which obviously is undesirable, particularly in 
close-fitting parts. Rust protection is usually ob- 
tained by proper selection of additives .... and 
metallic detergents help greatly in this respect. 


Conclusions 


From a design standpoint, it is desirable to use 
a common fluid for both rear-axle drive and auto- 
matic transmission. This means that the fluid must 
meet the requirements for automatic transmissions 
and must also possess extreme-pressure properties 
sufficient to lubricate a hypoid gear axle. 

This indeed is a difficult problem, because ex- 
treme-pressure materials usually degrade thermal 
and oxidation stability and may adversely react with 
transmission components, such as clutch-plate fac- 
ings, nonferrous metals, and plastic parts. 

To date, no entirely satisfactory fluid is available 
— and seals must be used to separate the trans- 
mission and axle lubricants. It is the strong con- 
viction of the authors, however, that this problem — 
like many in the past — will be resolved by the co- 
operative research efforts of the automotive and 
petroleum industries. 
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NUCLEAR 
best 


* Turboprop engine. 


D. P. Lalor and W. C. Schmill 


RODUCTIVITY (or rate of doing work per unit 

of weight invested) of nuclear-powered aircraft 
is affected by three important parameters (engine 
type, speed, and cruise altitude) in the following 
manner: 


e Aircraft powered by turboprop engines are more 
productive than those powered by turbofans or 
turbojets. 

@e Maximum productivity (per megawatt) is 
reached at about 0.55 Mach number. This speed 
does not change with engine type, although it does 
vary somewhat with changes in aircraft charac- 
teristics. 

@ Increases in cruise altitude for a nuclear-pow- 
ered aircraft result in sharp decreases in produc- 
tivity. 


(The term “productivity” — payload times speed 
divided by take-off gross weight minus payload — 
is used instead of direct operating cost because of 
the lack of cost data for nuclear propulsion sys- 
tems. If direct operating cost had been used as the 
evaluation criterion, the relative differences be- 
tween aircraft with different types of engines would 
have been decreased.) 

In this evaluation it was assumed that a unit 
shielded reactor (all shielding around the reactor, 
none at the crew compartment) was used that has 
an operating temperature compatible with long life. 
The crew dose rate assumed permits crew utilization 
consistent with present aircraft transport systems. 


Effect of engine type and cruise speed 


Fig. 1 shows the effect of engine type and cruise 
speed on relative productivity per megawatt. Note 
that productivity is divided by the reactor power re- 
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AIRCRAFT attain 


productivity with .. . 


* Cruise speed of 0.55 Mach number. 


quired for each type of engine at each design point 
and then normalized to the highest productivity per 
megawatt. The largest value is at 0.55 Mach num- 
ber for the turboprop-powered aircraft. 


Effect of cruise altitude 


Fig. 2 shows the effect of design cruise altitude on 
relative productivity per megawatt. The data are 
based on maximum productivity values obtained at 
each altitude for each engine type. The data were 
normalized to the turboprop engine at 25,000-ft 
cruise altitude. Contrary to results obtained with 
chemical aircraft showing optimum cruise altitudes, 
the productivity of nuclear aircraft decreases with 
increase in design altitude. Chemical burning sys- 
tems show a decrease in both specific fuel consump- 
tion and thrust with increasing altitude, thereby ar- 
riving at optimum altitudes for operation. The 
principal effect of altitude on nuclear powerplants 
is a reduction in thrust for a fixed size of power- 
plant. The change in reactor shield assembly weight 
caused by the effect of reduced air density on scat- 
tered radiation reaching the crew compartment is 
a second-order effect. In fact, this effect is more 
than offset by the increase in powerplant weight 
and aircraft size needed to fly a fixed payload at the 
higher altitudes. 

The decrease in productivity caused by an in- 
crease in altitude from 25,000 ft to 35,000 ft is about 
25%. Because of this large degradation in pro- 
ductivity with altitude, nuclear aircraft should be 
designed for operation at the lowest practical alti- 
tude. For a multipurpose nuclear aircraft, altitudes 
of 20,000-25,000 ft represent an acceptable com- 
promise between maximum productivity and the 
altitude required to stay above most of the weather 
for flight safety. In addition, certain missions of 
the multipurpose aircraft require an altitude of 
about 25,000 ft. 
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° Low cruise altitude. 


RELATIVE 4. 
PRODUCTIVITY 
PER MEGAWAIT 


04-— 


TURBOJET 
0.2+ : 


0.5 0.6 07 0.8 0.9 
CRUISE MACH NO. 


Fig. 1 — Effect of cruise speed on productivity of nuclear aircraft — 
constant payload. 
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PRODUCTIVITY 
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Fig. 2 — Effect of altitude on productivity of nuclear aircraft — constant 
payload. 
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Rankine Cycle 


Selected for SNAP 2 


Guveren M. Anderson 


Resistance of Materials to 
Mercury Corrosion 


SINCE the SNAP rea 
cycle fluid, t! 


ctor uses mercury for the 


HE RANKINE CYCLE was selected for the SNAP 

2 space power system over the Brayton and Stirl- 
ing cycles after the limiting factors of (1) maximum 
reactor coolant outlet temperature, (2) available 
heat sink area (110 sq ft), and (3) reasonable time 
allotment for development had been studied. 

Comparing the various real cycles with the ideal 
Carnot cycle shows that the saturated Rankine cycle 
most closely approaches the ideal cycle efficiency 
and thus gives the optimum system. This close ap- 
proach is obtained by the isothermal heating and 
cooling phases of the saturated Rankine cycle, which 
allows much better utilization of available tempera- 
ture ratios than provided by other cycles such as 
the Stirling and Brayton. 

Both the Brayton and Stirling cycles were attrac- 
tive because the problems of boiling and condensing 
under zero-gravity conditions would not be present. 
The Brayton cycle was eliminated on the basis of 
uncertainties in producing useful shaft work within 
the specified conditions of temperature and radiator 
area. Furthermore, a system based on the Brayton 
cycle with an efficiency comparable to the Rankine 
cycle would require an excessively high source tem- 
perature (assuming optimistic compressor and tur- 
bine efficiencies). A further disadvantage of any 
gas cycle would be the sole dependence on the heat 
transfer coefficients of gases, which invariably re- 
sult in larger, heavier, heat exchangers. 

The Stirling cycle was considered because of the 
successful history of the Phillips air engine, which 
has demonstrated reasonably good brake thermal 
efficiencies in small sizes. An engine based on this 
cycle is expected to be somewhat heavier than the 
Rankine for the same reason as the Brayton cycle, 
that is, dependence on heat transfer coefficients of 
gases. Although the problem of a two-phase work- 
ing fluid would not be present in zero-gravity, the 
difficulties of lubricating cylinder walls, bearings, 
and any necessary gearing, as well as the difficulty 
of scavenging the oil from the crankcase, would 
present other problems. Entrainment of lubricant 
in the working fluid, with ensuing deposition on the 
interior of the thermal transfer surfaces, would 
probably reduce the efficiency of any heat ex- 
changers. 


SAE JOURNAL 





SNAP Experimental Reactor Tested Successfully 


THE successful testing of the SNAP experi- 
mental reactor, a sodium-to-mercury heat 
exchanger, and a complete combined ro- 
tating unit, was announced on Nov. 18, 1959. 


The tests of the reactor, which was de- 
signed to power a turboelectric generator 
for use in space vehicles, were made at an 
AEC facility of the Atomics International 
Compact Power Group. 


An operational model of this small re- 
actor will eventually provide the heat 
power necessary to produce several kilo- 
watts of electric power for very long periods 
of time ... completely automatically and 
unattended. 


The fueled portion of the reactor core is 
contained in 61 stainless-steel cylinders 1 
in. in diameter. Each cylinder contains a 
10-in. long fuel element with a 1%-in. 
beryllium reflector at each end. This 
bundle of cylinders fits into a hexagonal 
can, which measures 8 in. across the flats 
and 14 in. in length. A reflector of beryl- 
lium 2-3 in. thick surrounds the entire core. 
The active portion of the core (neglecting 
end plugs) is slightly under 14 cu ft. Re- 
actor control is accomplished by means of 
rotating drums made of reflector material. 
A model of this assembly plus a conceptual 
shadow shield for payload protection is 
shown at the right. 


The plan is to combine this reactor core 
with a prototype turboelectric conversion 
unit being developed by the New Devices 
Laboratories of Thompson Ramo Wool- 
dridge, Inc., under a subcontract to Atomics 
International. 


Thus, the next major step is the assem- 
bly of the combined rotating unit (turbine, 
alternator, bearings, and two pumps), 
boiler, and condenser into a complete 
power conversion system and the testing 
of the completed unit using a reactor as the 


Fig. 1 illustrates that the Stirling cycle at 1250 F 
would achieve efficiencies comparable with a mer- 
cury Rankine cycle at 1000 F if both are held to the 
same heat sink temperatures. The Rankine cycle 
radiator is practically isothermal, while both the 
Stirling and the Brayton cycles have relatively large 
temperature drops through the radiator, thus re- 
ducing radiator effectiveness. 

The Rankine cycle takes advantage of the latent 
heat gained from phase changes, the lower flow 
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Full-scale model of SNAP 2 reactor: (1) control motors, 
(2) shielding, (3) fuel elements, (4) reflector, (5) core 
vessel, (6) coolant lines, (7) control drums. 


heat source. The present status of the 
SNAP 2 development indicates that flight- 
type power systems will be available by 
1963. 


Potential missions that can use the SNAP 
2 system include: surveillance satellites, 
communications satellites, space station 
power systems, lunar station power systems, 
and solar system probes. 


rates, and the isothermal heat transfer to attain 
high efficiencies, light weight, and good reliability 
within the temperature and radiator area limits. 
The difficulties associated with phase changes in a 
zero-g environment have been partially solved by 
utilizing the viscous properties and the velocities of 
the fluid to achieve phase separation in the designs 
of the boiler and condenser. Experiments per- 
formed by Thompson Ramo Wooldridge indicate 
that this design approach may be successful. The 
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Fig. 1 — Comparison of 
Rankine, Stirling, and 
Brayton cycle efficien- 
cies. 
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Rankine Cycle 
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. continued 


experiments include both laboratory and zero-g 
tests in an aircraft at Wright Air Development Di- 
vision, Dayton, Ohio, in which test intervals of up 
to 15 sec at zero gravity were obtained. 

The selection of a suitable cycle fluid is based on 
the pressure and temperature limitations of the 
fluid, its physical properties, and the availability of 
containment materials. A simple presentation of 
the temperature regimes wherein certain Rankine 
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Fig. 2— Temperature 
regimes for use of vari- 
ous liquids in Rankine 
cycle. 


cycle fluids become attractive is shown in Fig. 2. 
Considering that (1) a reasonable upper pressure for 
each fluid is limited from the standpoint of con- 
tainment; (2) a reasonable low-cycle pressure in 
the radiator is limited from the standpoint of pump 
cavitation; and (3) a minimum efficiency of 10% 
overall, then the temperatures of interest for each 
fluid can be bracketed. It is readily seen that if 
weight is to be saved by increasing radiator tem- 
perature, the alkali metals must be employed as 
working fluids. Estimated efficiencies for these 
fluids are also indicated on Fig. 1. 

Fluids which can achieve the phase changes de- 
sired within the available temperature and pressure 
limits of SNAP 2 were found to be sulfur, phospho- 


SAE JOURNAL 





rus, and mercury. Phosphorus undergoes several 
complicated molecular transitions and is difficult 
to handle. A sulfur cycle was found to be competi- 
tive with mercury but required greater heat transfer 
area. Sulfur, however, was eliminated primarily on 
the basis of its corrosive properties. 

Mercury was selected as the best cycle fluid be- 
cause it had been in use in several stationary power 
plants in the United States, and the pressures are 
reasonable at modestly high temperatures, thereby 
permitting the use of reasonable containment meth- 
ods for the vapor. A considerable amount of in- 
formation has now been developed concerning the 
heat transfer, corrosion, and other physical prop- 
erties of mercury, so that components such as boil- 
ers, turbines, pumps, bearings, and alternators can 
be designed and built, using mercury as a cycle 
working fluid, a coolant, or a lubricant. 

Cycle conditions were finally selected on the basis 
of weight rather than efficiency. No weight penalty 
is accrued if the reactor is operated at an increased 
thermal output; however, the boiler and condenser 
weights can be reduced by proper combination of 
boiling conditions and moisture content at the tur- 
bine discharge. 

The use of a once-through counterflow boiler con- 
figuration, coupled with a reasonable temperature 
difference in the primary coolant loop, allows su- 
perheating of the cycle fluid. The superheat ap- 
proaches the reactor outlet temperature and is ob- 
tained with a small weight penalty. This improves 
the cycle efficiency slightly and, more important, 
reduces the moisture content of the turbine exhaust. 
A drier turbine exhaust will tend to ease the erosion 
problem and is expected to lead to a longer lived, 


more reliable turbine. As a result of these con- 
siderations, SNAP 2 will utilize a somewhat super- 
heated Rankine cycle with an effective radiating 
temperature of about 600 F. 


SYSTEM SCHEMATIC 


Fig. 3 is a schematic of the SNAP 2 system show- 
ing the components and flow of working fluids. NaK 
has been selected as the reactor coolant in this case 
to adapt the powerplant for remote start. The pri- 
mary NaK loop is composed of the pump, reactor, 
and NaK section of the boiler. The secondary loop 
contains the components of the Rankine engine, 
that is, pump, boiler, turbine, and radiative con- 
denser and subcooler. A third loop supplies the 
bearings. 

The primary loop pump delivers 71.5 lb of NaK 
per min at 1000 F. NaK is discharged from the re- 
actor at 1200 F. 

The secondary-loop pump discharges 45 lb of 
mercury per min at 175 psia. Sixteen pounds per 
minute are required for the bearings, 10 lb per min 
are recirculated through the jet pump, and the re- 
maining 18.6 lb per min are discharged into the 
boiler. The boiler is heated by NaK entering at 
1200 F and leaving at 1000 F and is designed for a 
60-psi pressure drop, which provides superheated 
vapor for the turbine at 115 psia and 1150 F. The 
superheated vapor is expanded from 115 psia to 7 
psia, producing work to drive the alternator, mer- 
cury pump, and NaK pump. 
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Elastomers Increase 


Acoustic Fatigue Life 


. when applied to critical areas, tests with Navy 


A3D aircraft show. Engineers disagree on why it works 


E. W. Thrall, Jr. 


Details of Elastomers Tested 


DC-A4000, a 
m temperature 


é 


PR 611M 


of ketone 


EC-801 


rubber 


* See discussion on p. 55 
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LASTOMER COATINGS have solved the acoustic 
fatigue problem on the Navy A3D airplane. Spec- 
imen tests and ground and flight tests have shown 
that elastomers are a convenient and effective fix. 
. . Stresses were reduced from 1% to 13 of their 
original levels when elastomers were applied at 
critical locations. 


Specimen tests 


Approximately one year prior to conducting the 
flight test program the elevators on the same air- 
plane were found to be in trouble from acoustical 
fatigue. Because there was no question as to the 
cause of the damage, an immediate test program 
was undertaken using specimens which represented 
many types of structure. 

The elevators basically are thin-skinned surfaces 
with beaded doublers giving the required support 
for static air loads. The upper skin is 0.016 2024 in. 
with an 0.025 7075 in. beaded doubler and the lower 
skin is 0.025 in. with the same doubler. The test 
specimens were approximately 24 in. square and 
built in the shape of a triangular box. They were 
exact duplicates of the airplane structure in so far 
as the chord dimension and the enclosed volume 
(Fig. 1). 

Specimens were mounted aft of a jet engine and 
at a position to give the same decibel readings that 
were received by the elevators when mounted on the 
airplane during ground run up. The specimens that 
represented the original structure of the elevators 
would only withstand one hour of engine time be- 
fore cracks appeared in the beads. Fig. 2 shows the 
type of cracks that occurred in the test specimens— 
they are a duplication of those which were found in 
flight articles. 

Several design configurations for new surfaces 
were tested with varying degrees of improvement. 
One configuration which offered the most help in 
the way of a rework was the one in which a coating 
was applied to the inner surfaces. Four specimens 
were sealed so that a silicone solution, Dow Corning 
A-4000, could be poured into the center of the speci- 
mens. The specimens were rotated in a manner to 
coat all of the interior surfaces, particularly the 
inclosed area between the internal beaded-doubler 
and the outer skin. The silicone actually entered 
this area through holes which had been previously 
required for venting this otherwise sealed area. 
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Fig. 1 — Disassembled sonic test specimen. It 
is representative of the elevator torque box 
section 


Fig. 2—Sonic test specimen showing 
cracks at both ends of beads after 4 hr 
testing in the ground run-up environment. 


The sonic tests of the silicone-sloshed specimens 
indicated a crack-free service life of 15 hr, and less 
extensive damage at the end of 25 hr than the origi- 
nal specimen received in one hour’s time. It is of 
interest to note, for comparison purposes, that speci- 
mens tested using a solid honeycomb core withstood 
100 hr with no damage. 

Several months after the original specimen tests 
were made, another test program was conducted 
using a Product Research Co. elastomer, PR 611M, 
and this withstood 75 hr of sonic test with no cracks 
occurring in the beaded structure. 
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ics Section, was in charge of the test program 
described in this paper. 


He is an Associate Fellow of the Institute of 
the Aeronautical Sciences and a Member of the 
ASME. 


Flight test program 


As a result of the success achieved with addi- 
tion of elastomers to the elevator structure, it was 
thought possible that similar beneficial effects could 
be obtained for other structural items troubled with 
acoustic fatigue. 

So approximately half-way through the flight 
test program, several areas were modified by the 
addition of a 3M elastomer, EC-801. These areas 
were modified as follows: 


1. Fin leading edge area was modified by the addi- 
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tion of EC-801. This elastomer was applied in the 
form of a bead along the rib to skin joint, following 
all free edges. For test purposes this was done for 
the rib with the strain gages and each adjoining 
rib. 

2. The speed brake was also modified by the addi- 
tion of an EC-801 bead running the length of the 
skin to bulkhead mating surfaces in the area where 
the strain gage was located. 

3. A bead of EC-801 was applied to the one free 
edge which was accessible between the dorsal skin 
and its supporting ribs. 

Table 1 presents comparative data which shows 
the reduction in stress resulting from the addition 
of the elastomer EC-801. 

To obtain the necessary information, strain gages 
were used in each area surveyed (Fig. 3) — oriented 
at right angles to and centered on the line of crack 
formation. This information, plus pressure pick-up 
data, were recorded on an oscillograph. The data in 
Table 1 are the actual maximum peak-to-peak trace 
deflections in inches. 


Test results 


Tests run to date on specimens sloshed with an 
elastomer do not show any appreciable change in 
frequency, but show a sizeable (12-'3 of original 
level) reduction in stress amplitude. 

These elastomers form a low-grade bond between 
the skin and frame or stiffener, and consequently, 
lower the stress concentrations at the rivets, screws, 
or spot welds. 

When using such solutions as DC-A4000 and PR 
611M, a good penetration of the faying surface is 
provided and results in a respectable adhesive 
strength. When panel cracking is the problem, the 
elastomer must be applied to both sides of the flange 
which is in contact with the skin. This was evident 
on the dorsal fin area where it was impossible to 
apply a bead of EC-801 to both sides of the rib with 
the result that skin stress amplitudes were not 
reduced. 


FIN 
LEADING 


DORSAL FIN 
FIN STUB 
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DISCUSSION 


Disagreement on 
How Elastomers Improve Fatigue Life 


Boeing personnel agreed with the author that the 
elastomers increased fatigue life by redistributing 
the stresses in the vicinity of fasteners. 

However, there was some disagreement with this 
explanation for the effectiveness of elastomers. 

Dr. P. W. Smith of Bolt Beranek and Newman 
felt that the main effect of the elastomers is prob- 
ably an increase in the damping. Reasons are: 


1. The relatively small values of elastic moduli for 
elastomers indicates they would not take much of 
the load; and 

2. It is probable that the strain gage measures a 
nominal or average value of strain, not the localized 
concentrations. So redistribution of the load would 
not lead to lower readings. The critical experiment, 
that would reveal the correct interpretation, would 
be the comparison of strains at a central point of 
the panel (away from the boundaries) with and 
without the elastomer. With increased damping, 
the strain there would be reduced; redistribution of 
the load at the boundary would have but slight ef- 
fect on the strain at a central point. 


Among those who agreed or who had experience 
indicating that damping was the most probable 
mechanism were: Mr. Nelson of Republic Aviation, 
and Messrs. Corten and Fransson of Pratt and 
Whitney. 

Mr. Sheaf of Olmstead Air Force Base indicated 
that fatigue problems in compressor blade of U. S. 
Navy jet engines had been cured by applying elasto- 
mer coatings. Personnel concerned felt that, in 
that case, the benefit derived was due to protection 
against corrosion. 


To Order Paper No. 164A... 


from which material for this article was drawn, see p. 6. 


Fig. 3 — General layout 
of airplane showing rela- 
tionship of engine to 
empennage and location 
of strain gages. 
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Return-to-earth portion of mission. 


Landing a returning space ship 


Reaction devices and aerodynamic control surfaces are 


can cope with the wide range of changing environmental conditions and 


James W. Clark 


EHICLES returning from interplanetary mis- 
sions need two kinds of devices to control atti- 
tude and flight path: 


@ Reaction devices — for use in space and within 
the earth’s atmosphere. 

e@ Aerodynamic control surfaces for use within the 
earth’s atmosphere. 


With suitable devices of these types, the vehicles 
will be able to execute the series of maneuvers 
needed to land at a predesignated airfield on the 
earth. 

As shown in Fig. 1, the vehicle accelerates as it 
traverses an interplanetary trajectory toward the 
vicinity of the earth, deceierates, enters an orbit, 
and injects itself into the atmosphere on a re-entry 
path. Control over the landing point is achieved 
by maneuvering on the interplanetary trajectory at 
a point far from earth, where its gravitational at- 
traction is small, maneuvering in orbit, and maneu- 
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vering during descent into the atmosphere. These 
maneuvers require control over the orientation of 
the vehicle with respect to the flight path and sta- 
bilization against disturbances caused by the exter- 
nal environment and by the vehicle itself. 

The maneuvering and stabilization problems dis- 
cussed are illustrated with computations for a hypo- 
thetical circular-planform vehicle, which would 
have a lens-shaped cross-section and rounded edge; 
the aerodynamic properties of a circular flat plate 
(Fig. 2) were used in the actual calculations. The 
circular planform vehicle was selected for this 
analysis because of its favorable aerodynamic heat- 
ing and deceleration characteristics. From a per- 
formance standpoint, the important characteristics 
of the vehicle are: weight, W = 4000 lb; wing loading, 
W/S=15 psf; diameter, d=18.5 ft; and moment of 
inertia in pitch, J, = 2640 slug ft?. 


Maneuvering in space 


To understand the reasons for maneuvering in 
space, it is necessary to consider the penalties in- 
volved in maneuvering later in the mission when the 
vehicle is in orbit about the earth or during descent 
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Circular planform vehicle and circular flat plate. 


is a tricky business 


both needed to provide controls that 


vehicle stability characteristics. THIS ARTICLE... 


. is drawn from Part | of a paper dealing 


through the atmosphere. By turning during descent with the problem of providing a control system 


and thereby converting kinetic energy into lateral that is effective throughout a wide range of 
range, the vehicle can reach points approximately rapidly changing environmental conditions and 
600 nautical miles to either side of the original that can cope with a wide range of vehicle sta- 
flight path. This limitation on maximum gliding bility characteristics. 
range places a limitation on the allowable earth Part | is by James W. Clark, a research engi- 
orbits from which a successful re-entry and landing neer in the Research Laboratories of UAC. 
at a specific airfield can be made. Changing from 
an undesirable orbit to one from which the landing = Part Il of the paper, by J. Harold Ahlberg, 
point can be reached requires a large amount of head, Mathematical Analysis, describes an in- 
energy (a large mass of rocket propellant) so that ductive experiment performed at the UAC Re- 
all but minor orbit corrections are prohibitive. = search Laboratories on an IBM 704 computer 
Therefore, the interplanetary trajectory on which =: _ to determine the feasibility of using numerical 
the vehicle approaches the earth must terminate methods to optimize the dynamic response of a 
in an earth orbit that is very close to the band of =: physical system in a changing environment. 
allowable orbits from which a landing can be made. 
To achieve an acceptable orbit, precise maneuver- 
ing during the interplanetary flight is necessary. 
From the standpoint of the minimum required 
rocket propellant weight, this maneuvering is most 
efficiently done at a low initial velocity measured 
with respect to the earth. The lowest velocities on 
the trajectory occur early on the return mission, 
since at these great distances the gravitational at- 
traction of the earth has not accelerated the ve- 


iene 


This study was not specifically framed for a 
particular physical problem. 


The analog computer simulation described in 
Part | of the paper indicates, however, that ap- 
plication of such numerical methods to the con- 
trol system of a re-entry vehicle is feasible. 
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. continued 


hicle. Extremely accurate guidance equipment is 
necessary to determine the amount of maneuvering 
required. 

In contrast to operations within the atmosphere, 
no aerodynamic forces are developed on the vehicle 
in space and hence the direction of the flight path 
cannot be changed merely by changing the attitude 
of the vehicle. A reaction device thrusting at a suit- 
able angle with respect to the original flight path is 
necessary for this purpose. The acceleration of the 
vehicle in the direction of this thrust force ~“esults 
in an added “characteristic velocity” which, when 


Table 1 — Summary of Control System Requirements 
(Circular Planform Vehicles) 


Max 
Accelerations 


Normal 


Neg Neg 


® Order of magnitude numbers. 
> Depends upon accuracy of guidance during escape from the planet. 


Axial 


Type of 
Control 
System 


Reaction plus 
maneuvering 
rocket 


Reaction 


Reaction plus 
retro- 
rocket; 

or 
reaction and 
aerodynamic 
plus lift 


Reaction 


Reaction 


Reaction plus 
maneuver- 
ing rocket 


Reaction and 
aerodynamic 
plus lift 


Aerodynamic 


Aerodynamic 


Max* 
Tem- 
pera- 


Thrust of on 
Reaction y 


Devices,* — 
Ib P ture, R 


0.1 0 Well below — 
1.0' 7 mps 


Source of 
Disturbances 
ies] 
bead FEN I bssta 
Control inputs 
see also Table 2 


Velocity* 


0.1 7 mps Table 2 


Control inputs, gusts, 
heating effects 


Table 2 


Table 2 


Control inputs 
see also Table 2 


Control inputs, gusts, 
heating effects 


5 mps to 
15,000 fps 


15,000 fps 
to 137 fps 


Control inputs, gusts, 
heating effects 


Control inputs, gusts 
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added vectorially to the initial velocity, results in a 
new velocity and a new flight path direction (Fig. 3). 

Table 1 summarizes the maneuvering and control 
requirements for the circular-planform vehicle 
maneuvering in space. The vehicle will require a 
three-axis reaction attitude control system con- 
sisting of individual reaction units, each developing 
on the order of 0.1 lb thrust, and a reaction ma- 
neuvering rocket of about 1.0 lb thrust. Changes 
in the flight path direction will be made gradually 
over a long interval of time. The possible sources 
of attitude perturbation torques are listed in Table 
2. Possible low-thrust reaction devices for use in 
this flight regime include small chemical rockets, 
steam rockets, and electrical propulsion units (ion 
and plasma engines). The choice of these devices 
will be based primarily on the duration of the flight, 
the total impulse required for maneuvering and 
Stabilization, the weight of the associated equip- 
ment (especially power-generating equipment for 
the electrical units), system reliability, and their 
availability. 


Stabilization for interplanetary 
trajectory phase of flight 


Except during the relatively brief period of ma- 
neuvering mentioned in the preceding section, the 
control system is used only for attitude stabilization 
during the interplanetary trajectory phase of the 
flight. The disturbing moments which the control 
system must counteract are those listed in Table 2. 
The control system, which is designed primarily for 
the maneuvering portions of the trajectory, should 
be capable of overcoming the increase in the magni- 
tude of these disturbances as the vehicle approaches 
the earth. 


Deceleration near earth 


As the vehicle approaches the vicinity of the earth 
on the interplanetary trajectory, its velocity in- 
creases to more than 7 mps, which is the escape ve- 
locity from the earth. The next control objective is 
to maneuver in a way that will cause the vehicle to 
be captured by the gravitational field of the earth, 


INITIAL VELOCITY, Vo 


WUSUOOOENEENNNAT ONE 


Table 2 — Sources of Attitude Perturbation 
Moments 


. Thrust-axis offset and misalignment. 

. Drag of solar atmosphere (“ether fatigue” or 
“space gusts’). 

. Motion of the crew and moving parts of the vehicle. 

. Gravitational fields of celestial bodies. 

. Magnetic and electric fields of the earth. 

. Meteoroid and cosmic ray bombardment. 

. Radiation pressure of the sun. 
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and eventually to enter into a circular orbit (at a 
velocity of about 5 mps) from which a re-entry and 
landing at the predesignated airfield can be made. 

Two methods can be used to produce the charac- 
teristic velocity decrement of 2 mps. In the first, 
retro-thrust is applied to the vehicle as it passes 
the earth, causing it to decelerate (Fig. 1). When 
the velocity decrement is equal to the required 2 
mps, the vehicle will enter a circular orbit at ap- 
proximately the altitude of application of retro- 
thrust. 

When the initial velocity decrement is less than 
2 mps, the vehicle will enter a large elliptical orbit 
around the earth (a braking ellipse) having a peri- 
gee at the point of application of retro-thrust. In 
the latter case, additional retro-thrust must be 
applied at the perigee in order to further decrease 
the velocity to that for a circular orbit. The initial 
firing of the retro-rocket must, however, decrease 
the velocity below 7 mps to prevent the vehicle from 
escaping from the earth’s gravitational field. 

The second method of providing a characteristic 
velocity of 2 mps involves the use of aerodynamic 
forces instead of retro-thrust. As shown in Fig. 4, 
the vehicle approaches the earth inverted, traveling 
along a trajectory which cuts deep into the atmos- 
phere. As the dynamic pressure increases, the 
angle of attack is increased and a lift force is de- 
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CHARACTERISTIC VELOCITY, AV 


Fig 3 — Effect of thrust 
on flight path. 
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. . continued 


veloped. This force serves two purposes: its com- 
ponent along the flight path decelerates the ve- 
hicle (in the same manner that retro-thrust does), 
and its component normal to the flight path causes 
the vehicle to curve around the surface of the earth 
and therefore to prolong its contact with the at- 
mosphere (Fig. 4). 

To achieve a velocity decrement of 2 mps, the 
maximum aerodynamic force required is about 
twice the weight of the vehicle (a g-loading of 2.0). 
Even at these high velocities, it is necessary for the 
vehicle to penetrate the atmosphere to an altitude 
of 250,000 ft above the surface before the dynamic 
pressure is sufficient to develop the required aero- 
dynamic force. During the maneuver, the pilot is 
on the protected side of the vehicle in a separated 
flow region in which the heat transfer is a small 
fraction of that at the stagnation point. If the 
entire velocity decrement were attempted on the 
first pass, the temperature of the structure would 
become excessively high; therefore it is necessary 
to use multiple-pass braking, with intermediate 
braking ellipses, during which time some of the 
heat input can be radiated from the vehicle. Using 
this technique, the maximum stagnation tempera- 
ture can be held to 2000-3000 R. 

The major control problems associated with the 
use of lift force for deceleration result from the 
necessity of maneuvering in a rapidly changing 
environment. 

The control system for vehicles operating in this 
environment will consist of reaction devices of 
thrust levels on the order of 100 lb and aerodynamic 
control surfaces similar to the elevator shown on 
the vehicle in Fig. 2. The reaction devices must be 
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used at dynamic pressures below approximately 15 
psf; at higher dynamic pressures, the elevator may 
be used to supply the required trimming moment. 
The vehicle itself will be designed to have positive 
aerodynamic Static stability (the center of gravity 
will be forward of the center of lift) at hypersonic 
speeds. The primary disturbing moments during 
this phase of operations will result from control 
inputs by the pilot, atmospheric gusts, wind shear 
layers, and small changes in the airflame shape 
due to aerodynamic heating. 


Maneuvering in orbit 


The deceleration procedure described in the fore- 
going section results in a circular orbit around the 
earth (preceded in the case of multiple-pass braking 
by intermediate braking ellipses). The objective of 
maneuvering in both circular and elliptical orbits 
is to make the small position, altitude, and heating 
changes necessary to reach the landing point on the 
surface of the earth. 

Fuel requirements for changes in orbits preclude 
large changes except when the change can be made 
over a long period of time (on the order of days), 
by means of very-low-thrust reaction devices having 
thrust-to-weight ratios of about 10°*. For the flight 
of manned space vehicles, time is a consideration. 
Therefore, maneuvering will be limited to small or- 
bital corrections, and large reaction devices having 
thrust-to-weight ratios of 0.5 will be required. 

The nomenclature commonly used in discussing 
satellite orbits is shown in Fig. 5. The variables that 
can be controlled when attempting to land at a 
specific point on the earth are the perigee altitude, 
the position angle of the vehicle in the orbit at a 
specific time, W, and the inclination angle of the 
orbit, i. 

When the mass ratio is 2.0, that is, when the 
vehicle is designed such that 50% of its initial mass 
is rocket propellant, the maximum change in orbit 
inclination angle which may be attained is only 20 
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deg. In view of the possibility that orbit position 
angle and perigee altitude must also be changed, it 
would be unrealistic to plan for the availability of 
a mass ratio of 2.0 for changing inclination. Since 
changes in position and perigee altitude also re- 
quire large mass ratios, it can be concluded that 
only small corrections can be made to satellite orbits 
due to practical limitations on the mass of pro- 
pellant which the vehicle can carry. It is for this 
reason that maneuvering in space to achieve an ac- 
curate earth orbit is necessary; the characteristic 
velocity required for a given maneuver (and there- 
fore the mass of propellant required) is minimized 
when the velocity at which the maneuver is initiated 
is aS small as possible. 

Attitude control during maneuvering in an orbit 
is accomplished by means of reaction devices having 
thrust levels on the order of 100 lb. The primary 
use of the control system will be to orient the thrust 
vector properly with respect to the flight path and 
to stabilize the vehicle against disturbing torques 
created by thrust line offset and misalignment. 

For attitude control during nonmaneuvering por- 
tions of the orbits, low thrust devices (on the order 
of 0.1 lb thrust) will be adequate. A considerable 
amount of work is currently being done to determine 
the sources of the disturbances which perturb the 
attitude of satellites. Several sources are listed 
in Table 2. 


Lifting re-entry and maneuvering during descent 


The use of aerodynamic lift during re-entry into 
the atmosphere is being widely studied in con- 
nection with long-range boost-glide vehicles and 
successors to the Mercury Man-in-Space ballistic 
capsule. Its primary purpose is to control the peak 
aerodynamic heating and deceleration of the ve- 


hicle. However, there are also highly desirable ad- 
ditional advantages: 


1. Steeper re-entry paths, and hence shorter flight 
times for penetration of the atmosphere, resulting 
in lower total heat inputs to the vehicle. 

2. Greater tolerance on the allowable re-entry 
path angle. 

3. Some degree of control over the trajectory. 

4. Possibility of a conventional aircraft-type 
landing. 


During a purely ballistic re-entry, the trajectory 
and the major in-flight variables (heating and ac- 
celerations) are determined by the weight and drag 
characteristics of the vehicle (W/C,S), and by the 
velocity and angle at which the vehicle initially en- 
ters the atmosphere. If the vehicle is designed to 
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Fig. 6 — High-drag, low-lift re-entry trajectory. 
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trim at an angle of attack at which the lift-to-drag 
ratio L/D is not zero, the aerodynamic lift force 
generated as the dynamic pressure increases will 
cause the trajectory to curve. The re-entry dive 
from a low orbit (100 nautical miles altitude) is 
initiated by firing a retro-rocket, which decreases 
the velocity of the vehicle by about 150 fps; the 
initial part of the trajectory is ballistic since the 
low air densities do not allow any appreciable lift 
to be developed. As lower altitudes are reached, the 
dynamic pressure increases, and lift and drag 
forces are created. The drag causes the vehicle to 
decelerate, and the lift causes the trajectory to 
curve. When the lift-to-drag ratio is high enough, 
the vehicle will climb out of the atmosphere and 
dive again, executing a skip re-entry. 

A more useful method is the high-drag, variable- 
lift trajectory control. After retro-thrust the ve- 
hicle is rotated to an angle of attack of 90 deg. 
The angle of attack is then decreased as necessary 
to follow one of several lift programs; if, for ex- 
ample, the angle of attack is varied so as to main- 
tain constant rate of descent, the trajectory shown 
in Fig. 6 results. Other successful programs in- 
clude varying the angle of attack as a function of 
deceleration and rate of change of deceleration, 
and also as a function of range-to-go (to a landing 
field) and rate of change of range-to-go. 

During the portion of the re-entry between the 
time the vehicle is at 350,000 ft until just after the 
peak deceleration is reached, aerodynamic lift force 
is used to moderate the heating and deceleration 
conditions. After peak deceleration has occurred, 
the lift can be used to convert some of the remain- 
ing kinetic energy of the vehicle into range along 
the original flight path and range in the direction 
normal to the original flight path. In this manner, 
errors in the re-entry flight path can be corrected 


and the vehicle can be maneuvered during the 
descent to reach the landing field. 

As indicated in Fig. 6, the angle of attack of the 
vehicle must be decreased in order to glide at a high 
lift-to-drag ratio to achieve maximum range. 
Starting at this point, for the remainder of the 
flight, the vehicle can be flown in a manner similar 
to conventional aircraft, with turns accomplished by 
banking (rolling). 

The capability of the vehicle to maneuver during 
the descent to reach points off the initial flight path 
is highly desirable since it allows more tolerance in 
establishing the orbit from which the re-entry is 
made. Greater tolerance on the plane of the orbit 
will reduce maneuvering in space and maneuvering 
in orbit, with a resultant reduction in the mass of 
propellant required to be carried and somewhat of a 
reduction in the required accuracy of the guidance 
equipment. 

In an effort to increase this maneuvering capa- 
bility of re-entry vehicles, several organizations are 
studying the possibility of variable-geometry con- 
figurations. NASA has suggested the use of folding 
wing extensions, which would increase (L/D),,,,,, de- 
crease the wing loading (resulting in slower land- 
ings), and provide better slow-speed stability and 
control characteristics. Other “glide stretching” 
techniques, such as the use of small rockets, are 
conceivable. 

With reference to the stability and control as- 
pects of the re-entry and maneuvering descent, it 
is evident that both reaction devices and aerody- 
namic control surfaces will be required and that a 
stability augmentation system capable of operating 
over a wide range of dynamic pressures and vehicle 
dynamic characteristics will be necessary. Control 
about all three axes during retro-rocket firing and 
during the early stages of re-entry (dynamic pres- 
sures less than about 15 psf) must be accomplished 
by the use of reaction devices. The reaction de- 
vices must have thrust levels on the order of 100 lb 
to counteract the moments produced by retro-thrust 
offset and misalignment. As the dynamic pressure 
increases, the stabilization and control moments 
can be supplied by the aerodynamic control sur- 
faces. Since the dynamic pressure will remain ata 
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value approximately equal to that experienced at 
the point of peak deceleration, it will be possible to 
use the aerodynamic controls for the remainder of 
the flight. Unfortunately, the lift contribution re- 
quired from the aerodynamic control surface in 
order to trim the vehicle at a pitch attitude ad- 
versely affects the maximum lift-to-drag ratio when 
conventional trailing-edge elevators of the type 
shown in Fig. 2 are used. In order to avoid large 
decreases in (L/D),,,,, alternate control configura- 
tions are under investigation. 

The aerodynamic control system will be used for 
Stabilization, for lift programming near peak de- 
celeration, for rotating the vehicle to the angle of 
attack for (L/D),,,,, and for trimming the vehicle 
during the maneuvering descent. This must be ac- 
complished under rapidly changing environmental 
conditions; for example, changing dynamic pressure 
and Mach number cause changes in the pitching 
moment available from the surfaces for a given 
Stick deflection, and cause large variations in the 
natural frequency of oscillation and the damping 
ratio of the airframe. If variable-geometry features 
are incorporated in the design, the aerodynamic 
control system will also have the task of controlling 
attitude during the configuration transition stage. 
Very large changes in the stability characteristics 
of the vehicle will occur in a short time during this 
Stage as the position of the center of lift is changed 
with respect to the center of gravity. 

The primary sources of moments tending to dis- 
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turb the attitude of the vehicle during the re-entry 
and maneuvering descent phase of the mission are 
gusts, wind shear layers, and pilot control inputs. 
The importance of the latter source of disturbances 
was observed in a recent series of analog computer 
simulations conducted at the UAC Research Labora- 
tories. The stability and control problems of a re- 
entry vehicle of the short-range, boost-glide type 
(similar in mission to that of the X-15 research air- 
plane) were studied. Some of the results will be 
shown here to illustrate the type of stability char- 
acteristics a re-entry vehicle can have in a rapidly 
changing environment. 

A schematic of the simulated re-entry trajectory 
is shown in Fig. 7. In this series of simulations only 
the forces and moments acting on the vehicle in 
the vertical (pitch) plane were considered. The 
airframe was of the fixed-geometry, lifting type 
similar to the X-15 research airplane; continuous 
attitude control was obtained from pilot-operated 
elevators and reaction jets (thrust of 100 lb). In 
representing the aerodynamics of the airframe the 
true nonlinear variations of the aerodynamic co- 
efficients were retained. 

Trajectory data for a typical simulated re-entry 
flight are shown in Fig. 8. During this flight, no 
pitch damping augmentation was used, only the 
aerodynamic control surfaces (the elevators) being 
employed. The ratio of elevator deflection angle 
to stick deflection was held constant. 

The effect of environmental changes on the effec- 
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Landing a 
returning space ship 


. continued 


tiveness of the control system is evident in Fig. 8. 
At the very low dynamic pressures encountered 
early in the flight (t = 0-90 sec), the angle of attack 
response to maximum elevator inputs was too slow, 
while at the higher dynamic pressures (f= 120-180 
sec) the response was excessively fast. In addition 
to the influence of dynamic pressure, the control 
effectiveness was influenced by Mach number and 
the combined angle of attack and elevator deflec- 
tion angle. 

Another major effect of the changing environment 
is the very noticeable change in the period of oscil- 
lation of angle of attack and in the damping ratio. 
During the simulated flight shown in Fig. 8, the 
combination of short period of oscillation and low 
damping ratio resulted in a completely uncontrol- 
lable configuration in the critical pullout and de- 
celeration phase of the flight. The periods of os- 
cillation and damping ratios encountered during 
this phase of the flight (without a stability augmen- 
tation system) fall into the “unacceptable” and 
“unsatisfactory-unacceptable for normal operation” 
categories of pilot opinion. 

This discussion has considered the effects of the 
environment on the pitching characteristics of re- 
entry vehicles; however, it is necessary to provide 
adequate stabilization and control about all three 
axes. The control system must be capable of over- 
coming adverse control moments. 


Landing 


The vehicle shown in Fig. 2 is capable of execut- 
ing a conventional landing at 80 knots. This low 
speed is attributable to the low wing loading 
(W/S=15 psf); a lift coefficient of C,=0.65, which 
corresponds to an angle of attack of approximately 
15 deg, was used to calculate the landing speed. 

Control during the landing will be accomplished 
using aerodynamic control surfaces. Sufficient con- 
trol power must be available to counteract gusts 
during the approach and to trim at the angle of 
attack for flare-out. If a variable-geometry con- 
figuration is used, the controls must be capable of 
maintaining stability and changing attitude during 
transition. For these purposes, it is probable that 
control surface areas in excess of that needed for 
the other phases of flight will be necessary. 

In addition, it is likely that the forward travel of 
the center of pressure as the vehicle decelerates 
through the transonic range to subsonic speeds will 
require the addition of a fixed aerodynamic sur- 
face near the trailing edge in order to maintain 
adequate static stability in pitch and yaw. A fold- 
ing wing extension, which is protected during the 
re-entry and is then unfolded at the start of the 
maneuvering descent, is one method of providing 
the necessary area. 
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New 


Stops 


A. Bayne Neild, Jr. 


AVITATION-EROSION in the water seal area of 
a diesel aluminum crankcase has been eliminated 
by the use of a wide-band cylinder liner water seal 
designed by the U. S. Naval Engineering Experiment 
Station. Fabric inserts and tough materials, de- 
veloped by the Mare Island Naval Shipyard Rubber 


Table 1 — Physical Properties of Nitrile Rubber 
Stock Used in Wide-Band Seals 


Initial Physical Properties 


Tensile Strength, psi 

Ultimate Elongation, % 

Modulus at 200% Elongation, psi 
Graves Tear at 74 F, Ib per in. 
Graves Tear at 150 F, Ib per in. 
Hardness, Shore A-2, 3 sec 
Specific Gravity 


Physical Properties after 166 Hr in Boiling 
1% Dromus B/ Distilled Water Emulsion 


Tensile Strength, psi 

Retention of Initial Points, % 
Ultimate Elongation, % 
Retention of Initial Points, % 
Modulus at 200% Elongation*, psi 
Retention of Initial Points, % 
Graves Tear at 150 F®, Ib per in. 
Retention of Initials Points, % 
Hardness, Shore A-2, 3 sec 
Change from Initial Points 
Volume Change, % 


* Based on swollen cross-section. 
> Based on swollen thickness. 
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Diesel Cylinder Water Seal 


Crankcase Cavitation-Erosion 


Laboratory, give the seal adequate strength to with- 
stand at least 3000-hr engine operational periods. 

The major objectives of the design were to: 

1. Prevent water contact in the vulnerable water 
seal area. 

2. Absorb the damaging effects of cavitation 
bubble collapse in the machined taper section. 

3. Dampen liner vibration by further restricting 
the free-end movement. 


Details of design 


The positioning of the seal is shown in Fig. 1. 
Some material was removed from the steel cylinder 
liner just above the top O-ring groove to provide 
clearance for a seal with sufficient cross-section. 
The seal extends partially across the machined 
taper section of the crankcase. In this taper sec- 
tion the seal was unable to follow the vibrating 
cylinder during engine operation and cavitation 
bubbles formed on the liner were absorbed or dis- 
Ssipated by the resilient seal before reaching the 
vulnerable aluminum. 

Seals were made of several different Paracril 
BLT compounds. A nitrile rubber was selected be- 
cause of the need to resist heat, oil, and water. The 
choice of Paracril BLT was based upon a study of 
18 nitrile rubbers in their resistance to distilled 
water and distilled water containing 1% soluble oil 
inhibitor. 


Results of tests 


When the new seals were subjected to a 1500-hr 
engine laboratory test at loads and speeds to give 
the wost condition of liner vibration, there was no 
cavitation-erosion but there was some tearing and 
deterioration of the seal bands. Fleet tests were 
then made with 6-cyl service generator engines on 
10 ships, and again there was no cavitation-erosion, 
but there was more tearing and deterioration. 

At this point, tougher materials were developed 
and the toughest of all were reinforced with two 
types of fabric — 20-denier nylon tricot and nylon 
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tire cord. The seals were then given a 3000-hr 
cyclic test with considerable overload operation in 
a 12-cyl engine. All seals prevented cavitation- 
erosion and the seal reinforced with nylon tricot 
proved the strongest and showed no apparent de- 
terioration. The physical properties of the toughest 
material used in the seals are shown in Table 1. 


To Order Paper No. 191A... 


from which material for this article was drawn, see p. 6. 


Fig. 1 — Wide-band cylinder liner water seal contrasted with conven- 
tional method of sealing. New reinforced nitrile rubber seal has capac- 
ity to prevent cavitation-erosion for at least 3000 hr. 
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Gas Turbine Design 


Balanced-Life Gears Give 


Computers perform detailed design 


G. J. Huebner 


ESIGNING GEARS to meet the balanced-life 

concept (where gear and pinion fail simultane- 
ously and maximum capacity is provided in the 
smallest space) requires careful analysis of why 
gears fail and consideration in design of gear ratio, 
pressure angle, contact ratio, scoring factor, bending 
stress, and compressive stress. 

Computers are being used to analyze, extend, and 
refine gear design concepts. This article discusses 
their use in the design of gas turbine gearing using 
the balanced-life approach. 


HIS ARTICLE describes the balanced-life 

concept of gear design —in which the 
gear and pinion are designed to fail simultane- 
ously. This concept allows a combination of 
minimum size and maximum capacity in gas 
turbine application. Various reasons for fail- 
ure and factors in long gear life are discussed. 


The author analyzes the calculations needed 
and their programming for a digital computer. 


Calculating gear designs for production is a 
time consuming, demanding task to do manu- 
ally. The use of the computer has changed 
this — and brought about better gear design 
by making it possible to study more detailed 
analyses to evolve optimum solutions. 


This article is based on the Sixth L. Ray 
Buckendale Lecture. 


Gas turbine gears present a challenge to the gear 
designer because of the extremes in speed experi- 
enced within the engine. The ability to produce a 
gas turbine reduction gear with a ratio of 9 or 10 
to 1 in a single step (Fig. 1), to have it work right 
the first time, continue to work quietly and effi- 
ciently with extended life, is a technical achieve- 
ment. In addition, during initial phases of a new 
engine size determination, the need of quickly pro- 
viding the powerplant designer with a series of gear 
sets, any of which may be chosen and each of which 
will be equally good, approaches the ideal in engi- 
neering design work. 

High-speed turbine gears differ in design and 
development complexity from those found in other 
type engines. Generally, they must be more ac- 
curately processed, they must have greater accuracy 
in their mounting, and the mounts must have 
greater rigidity than those needed for lower speed 
gear trains. Failure to start with these funda- 
mentals is a shortcut to trouble, and when high- 
speed gears fail, the result is often catastrophic 
(Fig. 2). 

Two characteristics of the balanced life concept 
of gear design are: 


1. Adjustment of the thickness of the pinion and 
gear teeth to compensate for the variation in life 
between the gear and the pinion. 2. Adjustment of 
the outside diameters to give equal scoring factors. 

2. Adjustment of the outside diameters to give 
equal scoring factors. 


It is desirable that the number of cycles to produce 
fatigue failure be in proportion to the gear ratio, 
so that both gear and pinion fail simultaneously. 
There is little justification for having a gear de- 
stroyed by a pinion which has failed. So, the pinion 
is strengthened at the expense of the gear. This 
provides a gear set with longer life at no added 
penalty in size or cost. It also gives more gear ca- 
pacity in a smaller space. 

In the gas turbine, a gear mounted on the high- 
speed output shaft may go through as many as 10 
million cycles in about 3 hr. Thus, fatigue damage 


SAE JOURNAL 





Capacity-to-Size Optimum 


analyses to provide best gear for the job. 


is a definite threat. Gas turbine design today is at 
the stage where frequent changes in the speed and 
torque characteristics are made in order to evolve 
the best powerplant configuration. Where large 
speed reductions are needed, gear design is a major 
factor in the layout of the powerplant. The designer 
can’t wait for traditional methods of gear design 
to give a complete answer before major engine di- 
mensions are set down. Balanced-life design charts 
permit the selection of gear dimensions quickly, 
even though the ultimate refinement of the gear 
design must be finally accomplished by more de- 
tailed methods. Working with preliminary data 
given by the charts, final dimensions can be fixed 
by the conventional gear design process or by com- 
puter analysis of the problem. Then it is necessary 
to make only minor adjustments in engine layout to 
accommodate the final gear design. 

Balanced-life gears are used in gas turbines to 
combine minimum size with maximum capacity. To 
get comparable capacity, common gear design prac- 
tice would call for larger pinions which would have 


Fig. 1 — Main reduction gear for automotive gas turbine. 
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limited life. This could lead to several stages of 
reduction gearing to keep the gear train within the 
envelope of the vehicle outline. 

Balanced-life design concepts aren’t a solution to 
all gear problems. If standard gears are available, 
and they are of sufficient size and capacity to do the 
job, it is unnecessary and unwise to spend extra en- 
gineering time and effort to develop a balanced-life 
design for experimental application. Frequently 
analysis shows that a standard pinion will outlive 
other components, and will define a gearset of 
reasonable size that is capable of carrying the load. 
Thus, it would be unnecessary to use even the most 
short-cut phases of the balanced-life concept. 
Further, if size, load capacity, and life are not 
critical, it is desirable to economize by using avail- 
able standard tools. With balanced-life gears there 
is a variation in tooth proportions between the gear 
and pinion, so no two designs are likely to require 
the same tooling. Also, a different cutter must be 
used for each piece in the gear set. And, balanced- 
life gears often have pressure angles that aren’t 


Fig. 2— Typical failure of gearset operating at high speeds. 





Balanced-Life Gears 


. continued 


commonly available in standard cutters, which also 
precludes the use of standard tools. 

Bear in mind that these must be practical gears 
which are used for varying loads and speeds, and 
certain assumptions are necessary to take these 
factors into account. Fig. 3 shows a gas turbine 
accessory drive set which operates under widely 
varying conditions of torque and speed. 


Why gears fail 


An analysis of why gears fail and how these fail- 
ures affect the balanced-life design concept must 
include consideration of the following: 


. Wear. 

2. Bending. 
. Scoring. 
. Pitting. 
. Shock. 


Wear 


Some gears wear out. Fortunately, however, high- 
speed gears are not usually faced with this problem 
since ample lubrication must be provided to carry 
away the heat generated by high sliding velocities. 


Bending 


Repeated bending of gear teeth can result in 
fatigue failure. While loads may fall within the 
elastic limit, repeated application may cause a crack 
to form at the surface. This reduces the effective 
area of the tooth and causes further propagation 
of the crack. And, if a fatigue crack is found in one 
tooth, cracks will usually be found in others. Bend- 
ing stresses can be proportioned through the use 
of the balanced-life concept. 


Scoring 

Some gears fail by scoring. That is, the gears 
wear out before they wear in. Scoring shows up as 
an abrasive-type wear taking place near the tip or 
the root of the tooth, and is due to minute welds 
that take place at points of minor surface rough- 
ness which penetrate through the oil film. In high- 
precision gears of hardened steel there is usually 
little wear-in problem. Those that do fail by scoring 
usually do so upon initial application of the critical 
load and speed. 

Design analysis can reveal if the gears will score; 
the maximum scoring factor occurs when the prod- 
uct of speed and square root of torque reaches its 
maximum value. If the analysis gives a no-score 
answer, a scoring balance isn’t needed. The ten- 
dency to score is calculated by considering the heat 
generated in sliding from either the beginning or 
the end of tooth action. 


Pitting 


Gears also fail by pitting. In this type of fatigue 
failure, repeated application of load causes small 
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particles to flake at the surface of the tooth, leaving 
small depressions or pits. This is a compressive 
stress phenomenon, and, since the stress area in the 
gear and pinion are equal at the point of contact, 
life usually isn’t balanced out for this condition. 
However, pitting can usually be avoided by the 
proper selection of materials and heat treatment. 

Steel gears aren’t likely to fail if the compressive 
stress is kept below a certain level. Usually, keep- 
ing the compressive stress below 200,000 psi prevents 
pitting failures. Experience with high-speed gears 
indicate, however, that one isn’t likely to encounter 
the compressive stress problems normally met in 
conventional designs. This may be due to the 
rapidity of the tooth action, which does not allow 
the supporting oil film to break down during the 
time of pure rolling contact at the pitch line. In 
effect then, the load is applied over a greater area, 
reducing the compressive stress given by theoretical 
calculations. 


Shock 


Failure from shock loads takes several forms. One 
application of overload can cause fracture if it ex- 
ceeds the ultimate strength of the tooth. Repeated 
application of less severe shock loads may lead to 
premature fatigue failure in either bending or 
pitting unless design allowances have been made. 


Developing a balanced-life gear 


The major factors to be considered in developing 
a balanced-life gear are: 


. Gear ratio. 

. Pressure angle. 
Contact ratio. 

. Scoring factor. 

. Bending stress. 

. Compressive stress. 


All of these variables are functions of both the 
gear geometry and its environment, and a change 
in any one will usually influence the others. 

Design charts are available for balanced-life 
gears. These are based on proven design practice 
with steel gears. If tests show that these stress- 
life data are too conservative, minor adjustments 
will permit new stress cycle charts without obso- 
leting the major design curves. These charts can 
also be adapted for other materials. But, deriving 
maximum capacity from a minimum package has 
precluded working with the weaker materials; and 
little has been done with the fancy alloys, since 
most gears must be priced for mass production ap- 
plications after they have been developed. 

The charts used in preliminary balanced-life de- 
sign vary both the outside diameters and the thick- 
ness of the teeth to balance the bending fatigue 
lives and scoring resistance of the mating gears. 
In addition, they assume a cutter with full radius 
tip generating the minimum active dedendum. 
This isn’t allowable, however, where there is a hole 
bored through gears of relatively small diameter. 

Chosen as a representative value for the gear was 
a backlash of 0.04 divided by the diametrical pitch. 
This is an empirical assumption which might not 
hold true if the load did not reverse. For reversing 
loads, however, it is sufficient to allow for net 
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changes in the length and stack-up tolerances. The 
variation in tooth thickness necessary to give other 
values of backlash would be negligible. 


Gear ratio 


Even in preliminary designs, the gear ratio is 
pretty well fixed by the time the gear designer is 
called in to express an opinion. Normally, one likes 
to have as few gears as possible; and one-stage gear 
reductions of greater than 91% to 1 have been made. 

In the past, gear designers frequently added one 
tooth to the gear to avoid integral gear ratios. The 
hunting tooth, as it was called, was added to keep 
the same teeth from coming into contact repeatedly. 
This reduced noise problems and allowed the teeth 
to wear in without causing too much damage. 
Hardened gears of extreme precision present no 
wear-in problems, and the hunting tooth isn’t 
needed. 

Noise is an important consideration in the selec- 
tion of a gear ratio since it is desirable to avoid 
mesh frequencies high in the audible range. With 
gas turbines, this usually requires taking a large 
reduction in the first step. This tends to reduce 
power losses in the bearings due to running at high 
speed. 

Pressure angle 


The pressure angle is the angle between the tan- 
gent to the tooth profile at the pitch circle and the 
perpendicular to the pitch surface at the same point. 
Selection of the proper pressure angle is important 
because of the influence it has on the tooth as a 
loaded beam (Fig. 4). Large pressure angles reduce 
both the bending stress and compressive stress on 
the teeth, and allow pinions to be manufactured 
without undercut difficulties. If a design results in 
pointed teeth, however, the gears will be more sub- 
ject to accidental damage and cannot be hardened 
without risk. 

It is generally accepted that a lower pressure 
angle will result in a lower capacity, quieter gear. 
In the past, a 14144 deg pressure angle was commonly 
used, but with the introduction of more accurate 
gear tools and the desire for smaller sizes, a 20 deg 
pressure angle has come into common use. In 
specialized applications the designer may want to 
use 25 deg or higher pressure angles, but these 
should be restricted to designs where the major 
consideration is capacity. 


Contact ratio 


Our gear design charts have been prepared for 
a contact ratio of 1.5. This represents a good com- 
promise between the lower values which are usually 
associated with increased bending strength and the 
higher values which usually result in quieter gears, 
less likely to score. Contact ratio variations can 
be influenced by production tolerances, rigidity of 
mounting, and the number of teeth in the gears 
and pinions. In gears with smaller numbers of 
teeth, the contact ratio is more sensitive to mount- 
ing errors. 


Scoring factor 


The scoring factor has been described as a func- 
tion of the total heat generated during the cycle 
of sliding from the pitch line to either the beginning 
or the end of tooth action. Tests have revealed a 
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Fig. 3 — Gas turbine accessory gears, high-speed pinion in center. 
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Fig. 4— Relation- 
ship of pressure 
angle to tooth con- 
tour. 


maximum allowable design scoring factor of 1% 
million using mineral oil. Our tests are in general 
agreement with these findings, though there is room 
for additional testing to define this limit more ac- 
curately for high-speed gears. 


Bending stress 


Bending of gear teeth is a major factor that the 
designer of balanced-life gears should consider. 
We have found greatest success with the analysis 
methods of Almen and Straub'. We know of no 
theoretical approach that gives better results. 


Compressive stress 


Compressive stress is calculated by the classical 
method of Hertz*. Wickenden, et al.* performed 


1J. O. Almen and J. C. Straub, Factors Influencing the 
Durability of Automobile Gears, Part 2, Automotive In- 
dustries, Vol. 77, No. 15, (October 9, 1937) 

2R. J. Roark, Formulas for Stress and Strain, New 
York, McGraw Hill Book Co., Inc., 1943, p. 226, Case 5. 

T. H. Wickenden, G. R. Brophy, and A. J. Miller, 

Evaluating Surface Durability of Gears, Machine Design, 
Vol. 18 (July, 1946) pp. 142-6. 
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. continued 


commonly available in standard cutters, which also 
preciudes the use of standard tools. 

Bear in mind that these must be practical gears 
which are used for varying loads and speeds, and 
certain assumptions are necessary to take these 
factors into account. Fig. 3 shows a gas turbine 
accessory drive set which operates under widely 
varying conditions of torque and speed. 


Why gears fail 


An analysis of why gears fail and how these fail- 
ures affect the balanced-life design concept must 
include consideration of the following: 


. Wear. 

. Bending. 
. Scoring. 
. Pitting. 
. Shock. 


Wear 


Some gears wear out. Fortunately, however, high- 
speed gears are not usually faced with this problem 
since ample lubrication must be provided to carry 
away the heat generated by high sliding velocities. 


Bending 


Repeated bending of gear teeth can result in 
fatigue failure. While loads may fall within the 
elastic limit, repeated application may cause a crack 
to form at the surface. This reduces the effective 
area of the tooth and causes further propagation 
of the crack. And, if a fatigue crack is found in one 
tooth, cracks will usually be found in others. Bend- 
ing stresses can be proportioned through the use 
of the balanced-life concept. 


Scoring 


Some gears fail by scoring. That is, the gears 
wear out before they wear in. Scoring shows up as 
an abrasive-type wear taking place near the tip or 
the root of the tooth, and is due to minute welds 
that take place at points of minor surface rough- 
ness which penetrate through the oil film. In high- 
precision gears of hardened steel there is usually 
little wear-in problem. Those that do fail by scoring 
usually do so upon initial application of the critical 
load and speed. 

Design analysis can reveal if the gears will score; 
the maximum scoring factor occurs when the prod- 
uct of speed and square root of torque reaches its 
maximum value. If the analysis gives a no-score 
answer, a scoring balance isn’t needed. The ten- 
dency to score is calculated by considering the heat 
generated in sliding from either the beginning or 
the end of tooth action. 


Pitting 


Gears also fail by pitting. In this type of fatigue 
failure, repeated application of load causes small 
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particles to flake at the surface of the tooth, leaving 
small depressions or pits. This is a compressive 
stress phenomenon, and, since the stress area in the 
gear and pinion are equal at the point of contact, 
life usually isn’t balanced out for this condition. 
However, pitting can usually be avoided by the 
proper selection of materials and heat treatment. 

Steel gears aren’t likely to fail if the compressive 
stress is kept below a certain level. Usually, keep- 
ing the compressive stress below 200,000 psi prevents 
pitting failures. Experience with high-speed gears 
indicate, however, that one isn’t likely to encounter 
the compressive stress problems normally met in 
conventional designs. This may be due to the 
rapidity of the tooth action, which does not allow 
the supporting oil film to break down during the 
time of pure rolling contact at the pitch line. In 
effect then, the load is applied over a greater area, 
reducing the compressive stress given by theoretical 
calculations. 


Shock 


Failure from shock loads takes several forms. One 
application of overload can cause fracture if it ex- 
ceeds the ultimate strength of the tooth. Repeated 
application of less severe shock loads may lead to 
premature fatigue failure in either bending or 
pitting unless design allowances have been made. 


Developing a balanced-life gear 


The major factors to be considered in developing 
a balanced-life gear are: 


. Gear ratio. 

. Pressure angle. 

. Contact ratio. 

. Scoring factor. 

. Bending stress. 

. Compressive stress. 


All of these variables are functions of both the 
gear geometry and its environment, and a change 
in any one will usually influence the others. 

Design charts are available for balanced-life 
gears. These are based on proven design practice 
with steel gears. If tests show that these stress- 
life data are too conservative, minor adjustments 
will permit new stress cycle charts without obso- 
leting the major design curves. These charts can 
also be adapted for other materials. But, deriving 
maximum capacity from a minimum package has 
precluded working with the weaker materials; and 
little has been done with the fancy alloys, since 
most gears must be priced for mass production ap- 
plications after they have been. developed. 

The charts used in preliminary balanced-life de- 
sign vary both the outside diameters and the thick- 
ness of the teeth to balance the bending fatigue 
lives and scoring resistance of the mating gears. 
In addition, they assume a cutter with full radius 
tip generating the minimum active dedendum. 
This isn’t allowable, however, where there is a hole 
bored through gears of relatively small diameter. 

Chosen as a representative value for the gear was 
a backlash of 0.04 divided by the diametrical pitch. 
This is an empirical assumption which might not 
hold true if the load did not reverse. For reversing 
loads, however, it is sufficient to allow for net 
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changes in the length and stack-up tolerances. The 
variation in tooth thickness necessary to give other 
values of backlash would be negligible. 


Gear ratio 


Even in preliminary designs, the gear ratio is 
pretty well fixed by the time the gear designer is 
called in to express an opinion. Normally, one likes 
to have as few gears as possible; and one-stage gear 
reductions of greater than 912 to 1 have been made. 

In the past, gear designers frequently added one 
tooth to the gear to avoid integral gear ratios. The 
hunting tooth, as it was called, was added to keep 
the same teeth from coming into contact repeatedly. 
This reduced noise problems and allowed the teeth 
to wear in without causing too much damage. 
Hardened gears of extreme precision present no 
wear-in problems, and the hunting tooth isn’t 
needed. 

Noise is an important consideration in the selec- 
tion of a gear ratio since it is desirable to avoid 
mesh frequencies high in the audible range. With 
gas turbines, this usually requires taking a large 
reduction in the first step. This tends to reduce 
power losses in the bearings due to running at high 
speed. 

Pressure angle 


The pressure angle is the angle between the tan- 
gent to the tooth profile at the pitch circle and the 
perpendicular to the pitch surface at the same point. 
Selection of the proper pressure angle is important 
because of the influence it has on the tooth as a 
loaded beam (Fig. 4). Large pressure angles reduce 
both the bending stress and compressive stress on 
the teeth, and allow pinions to be manufactured 
without undercut difficulties. If a design results in 
pointed teeth, however, the gears will be more sub- 
ject to accidental damage and cannot be hardened 
without risk. 

It is generally accepted that a lower pressure 
angle will result in a lower capacity, quieter gear. 
In the past, a 1414 deg pressure angle was commonly 
used, but with the introduction of more accurate 
gear tools and the desire for smaller sizes, a 20 deg 
pressure angle has come into common use. In 
specialized applications the designer may want to 
use 25 deg or higher pressure angles, but these 
should be restricted to designs where the major 
consideration is capacity. 


Contact ratio 


Our gear design charts have been prepared for 
a contact ratio of 1.5. This represents a good com- 
promise between the lower values which are usually 
associated with increased bending strength and the 
higher values which usually result in quieter gears, 
less likely to score. Contact ratio variations can 
be influenced by production tolerances, rigidity of 
mounting, and the number of teeth in the gears 
and pinions. In gears with smaller numbers of 
teeth, the contact ratio is more sensitive to mount- 
ing errors. 


Scoring factor 


The scoring factor has been described as a func- 
tion of the total heat generated during the cycle 
of sliding from the pitch line to either the beginning 
or the end of tooth action. Tests have revealed a 
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Fig. 4— Relation- 
ship of pressure 
angle to tooth con- 
tour. 


maximum allowable design scoring factor of 1% 
million using mineral oil. Our tests are in general 
agreement with these findings, though there is room 
for additional testing to define this limit more ac- 
curately for high-speed gears. 


Bending stress 


Bending of gear teeth is a major factor that the 
designer of balanced-life gears should consider. 
We have found greatest success with the analysis 
methods of Almen and Straub'. We know of no 
theoretical approach that gives better results. 


Compressive stress 


Compressive stress is calculated by the classical 
method of Hertz?. Wickenden, et al.° performed 


1J. O. Almen and J. C. Straub, Factors Influencing the 
Durability of Automobile Gears, Part 2, Automotive In- 
dustries, Vol. 77, No. 15, (October 9, 1937) 

2R. J. Roark, Formulas for Stress and Strain, New 
York, McGraw Hill Book Co., Inc., 1943, p. 226, Case 5. 

‘T. H. Wickenden, G. R. Brophy, and A. J. Miller, 
Evaluating Surface Durability of Gears, Machine Design, 
Vol. 18 (July, 1946) pp. 142-6. 
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Balanced-Life Gears 


. continued 


tests to determine the stress-life relationship and 
to establish the stress below which the gear life is 
indefinitely long. These curves have been used to- 
gether with one obtained from Modern Methods of 
Gear Manufacture‘ for the compressive stress analy- 
sis. However, the hypothesised influence of a con- 
tinuous lubricant film allows operation which ap- 
proaches infinite life at higher stress values. 

With regard to the equations used and the ap- 
proach, the maximum allowable outside diameter 
as limited by the scoring factor is first defined. 
Using Straub’s equation for scoring factor, begin 
with these two equations: 


1+ r); sin ¢ L, T 


ID DP n 
\ CR COs ? \ PP 7 \ F . 


PVT,, = 19.984 (1) 
7 sin ¢ Ee. 
\ CR cos ¢ W 


> 
pPg \ F me 
where: PVT =scoring factor 
r= gear ratio 
CR = contact ratio 
®=pressure angle, deg 
L=length of action from pitch point to 
OD, in. 
radius of curvature at point of con- 
tact at top of tooth, in. 
ep =radius of curvature at point of con- 
tact at bottom of tooth, in. 
- face width, in. 


l+r) 


Pvt, 19.984 | (2) 


pinion 
= gear 
Equating the scoring factor at the outside diame- 
ter of the gear to the scoring factor at the outside 
diameter of the pinion, it is possible to cancel out 


F 

T = torque, lb-in. 
p 

4 = 


P L,’ 


all but the following factors: (3). In 


\ PP. \ p ps o 
these equations (L,,+ L,) is equal to the active length 
of contact between the two gears (Fig.5). Ifa value 
is assumed for either L, or L,, it is possible to solve 
for all other factors in equation (3), and by in- 
spection make a more accurate second assumption 
for L,. Interpolation between the two values of 
L,, will lead to a pair of gears with equal scoring fac- 
tors. Returning to equation (1) or (2), the proper 
face width for the gears can be determined. By suc- 
cesssive trials the scoring life can be balanced. 

Next, the bending stresses are balanced. A pinion 
bending stress must be found which gives a gear 
life in cycles inversely proportional to the gear ra- 
tio. Thus, a condition is specified where both gear 
and pinion reach their endurance limit in bending 
at the same time. 

All major gear dimensions have been determined 
at this point except the tooth thickness. One fac- 
tor which has been established is the circular pitch, 
which is the pinion tooth thickness, plus the gear 
tooth thickness, plus the backlash. The assumed 
value for the backlash can be subtracted from the 


* Pub. by National Broach & Machine Co., Detroit, 1950. 
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circular pitch to get the sum of the two tooth thick- 
nesses. Successive values for tooth thickness are 
then assumed until one that gives equal bending 
stress fatigue life is obtained. 

Suppose that it is assumed that the two teeth are 
of the same thickness. A tooth form factor (X) 
can be determined graphically from a gear layout 
(Fig.6). In practice, however, it is simpler to do this 
by analytical methods on a computer. Before pro- 
ceeding, it should be verified that the tooth thick- 
ness is not such that it will result in a pointed 
tooth. The bending stress of the pinion can be 
calculated from: 


4 3xT, 
»~ FN,N,X 


where: s,, = bending stress of pinion, psi 
T,, = torque, lb-in. 
F = face width, in. 
N, = length of action, in. 
N,,= number of teeth, pinion 
X = tooth form factor, in. 


A similar equation will give the stress in the gear. 
A ratio of tooth thickness now may be assumed 
and the stress calculated for this condition. A 
graph is plotted showing the ratio of the tooth form 
factors of the gear and pinion versus the tooth 
thickness of the pinion. From the equation: 


(s)=2(38) (5) 
Xx. F,, 

tooth form factor of pinion, in. 
= tooth form factor of gear, in. 

gear ratio 


. = face width of gear, in. 
face width of pinion, in. 


which gives the optimum ratio of tooth form factors, 
the value of the optimum pinion tooth thickness 
can be determined from the plot. 

The gearset now has both balanced scoring life 
and bending fatigue life. One more check remains 
before the design is complete —the evaluation of 
compressive stress. This computation is based on 
the Hertz equation for two cylinders in contact 
along a common element. From this equation the 
compression stress at the pitch line of steel gears 
can be derived, assuming that one tooth is in con- 
tact. 

It may be that the compressive stress is too high 
to give satisfactory operation. A safe level for the 
desired level can be determined by the following 
equations: 


Ss (4) 


s, = 2290 T (142 


> 
VR, cos ¢ sin oF : 3) (6) 
where: s, = compressive stress, psi 
R,,= pitch radius of pinion, in. 
F = face width, in. 
T,, = torque of opinion, lb-in. 
¢= pressure angle, deg 
r= gear ratio 


If this determination indicates an unsatisfactory 
stress level, it may still be possible to avoid recal- 
culating the entire design. This requires the use 
of another face width which will reduce the stress 
to a satisfactory level and still result in a gear of 
reasonable proportions. If the maximum usable 
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Fig. 7 — Durability of automotive gears — bending fatigue chart. 
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Fig. 8 — Surface durability of gears — compressive fatigue chart. 


Balanced-Life Gears 


. continued 


face width still results in a compressive stress which 
is too high, it is necessary to go back to the beginning 
and assume a new value which will increase the 
radii of the equivalent cylinders at the pitch point. 
This can be done by increasing the center distance 
of the two gears or by increasing the pressure angle 
and maintaining the same center distance. 


Computer programming 


The equations that have been balanced are made 
up of two types of factors. The first group con- 
sists of the physical characteristics of the gears 
themselves. The second group’s characteristics have 
to do with conditions under which the gears will 
operate. These equations can be rewritten to equate 
the gear geometric characteristics to the operating 
characteristics in each case. When this has been 
done, a program can be prepared for a digital com- 
puter which will work through the complete cal- 
culations for a set of balanced-life gears. In effect, 
the computer is given the description of the gear, 
its diametral pitch, number of teeth, contact ratio, 
pressure angle, and gear ratio. It is then instructed 
to solve for the nongeometric values for both a bal- 
anced scoring life and a balanced bending stress 
life. A range of values for each of the geometric 
characteristics is selected, and the computer grinds 
away solving the problems. 

The tables that have come out of this program 
are, in effect, a list of presolved balanced-life cal- 
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culations. All of the calculations that were done 
on the computer are the same as would have been 
done in a manual program. The computer gives 
values in terms of a constant so that each of the 
factors can be plotted on a grid. All the nongeo- 
metric functions of bending stress form the ordi- 
nate, and all the nongeometric functions of scoring 
form the abscissa. 

Only one complication remains at this point. The 
data requires a three-dimensional chart, and three- 
dimensional charts are hard to get on two-dimen- 
sional paper. To avoid this extra dimension, the 
face width factor is taken out of the geometric func- 
tions and placed on the other side of the equation, 
so that it appears as part of the coordinate system. 
The charts were constructed for a face width of 1 
in. The value obtained using this face width can 
be converted to any other reasonable face width by 
the application of a simple nomograph. 

The complete program is such that the com- 
puter can always be given instructions to solve any 
balanced-life gear problem. There are two draw- 
backs, however: (1) Computer time may not be 
immediately available when it is needed to make 
quick analyses; (2) the computer cannot separate 
unreasonable solutions which are due to conditions 
other than those in the basic gear design equations. 
For a versatile program it has been better to make 
the machine calculations and inspect them later 
for anomalies, rather than to list all possible pit- 
falls, together with methods of avoiding them. 

A similar approach was used for obtaining com- 
pressive stress charts. Once again, the face width 
was moved from the geometric side of the equation 
to simplify plotting. 

Figs. 9-14 are a family of charts which were used 
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Fig. 10 — Compressive stress chart, 14/2 deg pressure angle. 
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Fig. 12 — Compressive stre s chart, 20 deg pressure angle. 
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Balanced-Life Gears 


. continued 


to solve a number of spur gear problems using the 
balanced-life concept. 


Typical gear design problem 


Let’s examine a typical gear design problem to 
show how some of the charts might be used. 

For a preliminary design, the engineer will usually 
be furnished with the gear ratio, approximate cen- 
ter distance, and the conditions under which the 
gear must operate. For example, assume that the 
following specifications have been established: 


ratio 4/1 reduction 
approximate center 
distance 5 in. 


no extremes of temperature 

medium viscosity mineral 
base oil 

negligible shock loading 

torque-speed curve 


operating conditions 


From this and other information in the general 
specifications, it is possible to determine the design 
life for bending and compressive stresses. The op- 
erating conditions under which gear life will be 
specified must now be selected. In the example, this 
was estimated by the designer to be two million 
cycles at a higher-than-normal sustained operating 
torque of 42.3 lb-ft. Based upon this, an allowable 
bending stress of 52,000 psi was determined for a 
carburized nonpeened gear with a hardness of R, 
60. This information is taken from the bending 
stress-cycle chart (Fig. 7), a fatigue chart based on 
experimental data. 

The next step is to find, from the torque-speed 
curve in the specifications, the conditions at which 
maximum tendency to score will occur. This is the 
point where a maximum value is reached for the 
factor, \/T, n,. (T,=torque of pinion in lb-in.; 
n=rpm), in this case 219 lb-in. of torque at 45,000 
rpm. The scoring factor at this point on the curve 
should not exceed 1,500,000. Gear design charts can 
now be selected (Figs. 9-14). Because a pressure 
angle of 20 deg would be satisfactory for this appli- 
cation, this narrows the selection to a single pair 
of charts (Figs. 11 and 12) with 20 deg pressure 
angle, 4/1 reduction, and 1.5 contact ratio. Values 
of ordinate and abscissa are now calculated in order 
to enter the gear design chart. For gears of this 
type, a tentative value for face width of 0.5 in. 
seems reasonable. This initial assumption isn’t too 
critical because it can be easily varied. 
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For the ordinate: 

<> 507 

F's, 0.5 (52,000) 
torque at bending design life, pinion, 
lb-in. 

F = face width, in. 

S, = bending stress, pinion, psi. 


= 1.95 x 10° 


where: T’, : 


Any point on the grid having an ordinate value 
of 1.95x 10" or above will meet or exceed the re- 
quirements for these conditions of bending. 

For the abscissa: 


" T, Design Scoring Factor 
p | = 
VF 10° 

219 


45,000 
\ 05 


(1.5) = 1.41 «10° 
where: n,=rpm, pinion 

T, = torque of pinion, lb-in. 

F=face width, in. 


Any value on the chart which is to the right of a 
vertical line drawn through 1.41 10° will satisfy 
the requirements for scoring factor. 

For these conditions, a pinion of 0.5 in. face width 
described at the intersection of the two lines, has a 
pitch diameter of about 1.2 in. and a diametral pitch 
of approximately 22. 

(Experience indicates that a gear of this diametral 
pitch would present problems in manufacture. It 
might crack in heat-treating and the grinding 
wheel needed would be so fine as to create problems 
in tool life.) 

From the required center distance, the propor- 
tions of pitch diameters can be established from 
the equations: 


D,,+D, 
CD " . 
2 


and: D,=rD, 


where: CD=center distance 
D,, = pitch diameter of pinion, in. 
D, = pitch diameter of gear, in. 
r= gear ratio 


which yield a value of: D, = 2 in. 

This value shows that the pinion pitch diameter 
previously obtained from the chart does not meet all 
of the requirements. Knowing that the pinion pitch 
diameter should be 2 in., the face width nomograph 
(Fig. 15) can be used to correct this situation. By 
aligning it properly and placing it on the chart so 
that the point, F=0.5 in., coincides with the point 
previously plotted for F = 0.5 in. it is possible to read 
a new value for face width where the nomograph 
scale intersects the 2 in. pitch diameter curve. This 
allows the designer to obtain an optimum configura- 
tion which meets center distance requirements. 
From the chart at this point, the following charac- 
teristics of the pinion may be read: 


pinion pitch diameter= 2in. 
diametral pitch 20 
number of teeth 40 

face width 0.26 in 
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Using the companion compressive stress chart 
(Fig. 12) proper values may be substituted, and a 
value for the abscissa determined. 

Locating this value on the abscissa, a vertical line 
is drawn which intersects the line for a pinion pitch 
diameter of 2 in. From this intersection, a com- 
pressive stress value of 200,000 psi is read on the 
ordinate. 

Referring to the compressive stress-cycle chart 
(Fig. 8), it can be seen that the life will be greater 
than the two million cycles originally specified and 
pitting will not occur. 

Using conventional gear formulas, dimensions of 
the mating gear are established. 

Experience has shown, for purposes of preliminary 
layout, it is reasonable to assume a value for the 
addendum of the pinion and gear equal to the re- 
ciprocal of the diametral pitch to obtain complete 
dimensions for a layout. 

This completes the preliminary design of the 
gearset. Using the equations which formed the 
basis for the charts, the gear designer can deter- 
mine the detail dimensions required for the final 
gear design. 


To Order SP-172 ... 


from which material for this article was drawn, see p. 6. 


Fig. 15 — Nomograph for various face widths. 
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Help Wanted! 






... from engine men 






He do you make a decision on engines when 
you can’t get experimental verification? That 
is the problem of SAE’s Nomenclature Subcom- 
mittee in preparing a Recommended Practice for 
numbering engine cylinders . . . and help is 
wanted. 









The desire for a standard on cylinder number- 
ing and engine rotation is long standing. 
Throughout the years various engine builders 
have used acceptable but different conventions, 
which have caused misunderstandings between 
users of passenger-car, marine, and stationary 
engines. 









The subcommittee is proprosing the following 
conventions in an attempt to cover the majority 
of cases where specifications are of reoccurring 
importance: 








SAE Standard Rotation 









Counterclockwise rotation viewed from the 
principal output end. If power can be delivered 
from both ends, the flywheel end shall be used. 










Opposite Rotation 





Clockwise rotation viewed from principal out- 
put end. 






Cylinder Numbering 





Cylinders shall be numbered by either one of 
two methods: 










a. Numbered in the sequence, in which the 
connecting rods are mounted along the 
crankshaft beginning with the cylinder 
farthest from the principal output end. 

b. In multibank engines, cylinders are num- 

bered in sequence in each bank, starting 

with the farthest cylinder, designating 
right or left bank as viewed from the 
principal output end. An appropriate 
suffix letter, such as “R” or “L” shall be 
used. 













Recognizing that these conventions are some- 
what arbitrary, the Nomenclature Subcommittee 
would like to know how well they would be ac- 
cepted if presented as a Recommended Practice 
for the SAE Handbook. 













Please give your reaction by writing to Chair- 
man: 






Carl Meile 
International Harvester Co. 
5225 S. Western Blvd. 
Chicago 9, III. 







Designing the Control 


Space Reentry 


A neutrally stable control loop in 


the most sensitive control and eliminates the need 


William Beauchemin 


ONTROL SYSTEMS for space reentry vehicles 

must overcome dynamic pressure variations of 
100/1 and aerodynamic moment coefficient changes 
of 4/1 if the pilot is to experience uniform handling 
characteristics throughout the flight regime. To 
accomplish this uniformity of handling, an adaptive 
circuit must be designed which constantly changes 
the control system gain in line with the changing 
flight regime. 

Adaptive circuits basically perform three func- 
tions. They periodically create a test signal, then 
compare the response of the system to the desired 
response, and finally vary a parameter in the system 
in the direction of the desired response. 

The first of these steps can be simplified if the 
control system itself can be made to produce the 
test signal rather than having separate signal gen- 
erating equipment. One solution is to adjust the 
parameters of the control loop so the loop is neu- 
trally stable. A sustained oscillation results which 
can be used as a test signal. Any change in the am- 
plitude or frequency of this oscillation reflects a 
change in the aerodynamic or structural character- 
istics of the reentry vehicle. 

A block diagram of such a circuit is shown in Fig. 
1. The difference between the command and the 
actual attitude of the vehicle is fed to a network 
(model) having the bandwidth and damping char- 
acteristics required for the vehicle. The output of 
this network is fed to the rate loop of the system, 
which includes the aero-structural dynamics of the 
vehicle, the rate gyro, the actuators for the control 
surfaces, and a variable gain device driven by the 
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adaptive circuit. By setting the rate loop gain at 
its neutrally stable point (gain at which output lags 
input by 180 deg), the bandwidth of the rate loop 
can be made sufficiently greater than that of the 
model to ensure flat response to all signals coming 
from the model. 

It is desirable to have the frequency and ampli- 
tude of the neutrally stable loop as low as possible 
to minimize wear, conserve control power, and main- 
tain the pilot’s physiological comfort. However, the 
frequency should be high to ensure that the adap- 
tive control system and adaptive circuit bandwidth 
requirements are met. For the vehicle considered, a 
gain cross-over frequency of approximately five 
times the model bandwidth appears to satisfy these 
criteria. Also, the amplitude of the oscillation 
should be five times greater than the control system 
threshold to make sure that the adaptive circuit is 
monitoring the linear gain and not the gain result- 
ing from operation in the deadzone or noise region. 
This means that the deadzone of the control system 
must be carefully designed if it is to protect the pilot 
from excessive vibrations at low-level, high-speed 
flying conditions. For example, rate gyro thresholds 
of less than 0.002 deg per sec are required if the vi- 
bration limit for humans is not to be exceeded at ve- 
hicle velocities approaching 10,000 fps. 

The output of the rate sensor is used to measure 
and control the amplitude of the characteristic os- 
cillation. This avoids the disadvantages of using 
the amplitude of the control surface deflection and 
the resulting excessive pilot vibration and vehicle 
stresses. In order to reduce the adaptive circuit’s 
sensitivity to low-frequency commands and gusts, a 
filter having a bandpass above the model response 
is included as part of the circuit. The bandpass of 
the filter is designed to permit the adaptive circuit 
to sense instabilities which might occur from un- 
predictable variations in such parameters as servo- 
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System for a 


Vehicle 


the yaw circuit provides 


for a test signal generator. 


actuator and structural damping modes. The filter 
can also be designed to minimize the high-frequency 
effects of vibrations from auxiliary equipment which 
may be picked up by the rate gyro. 

A linear gain device was chosen for the vehicle 
considered. It is independent of the amplitude of 
the input command. 


Adaptive circuit gain changing loop 

A block diagram of the adaptive circuit loop is 
shown in Fig. 2. The error between the change in 
loop gain resulting from parameter variations and 
that produced by the adaptive circuit acts on the 
rate loop dynamics to change the amplitude of the 
characteristic oscillation. The filter passes signals 
whose frequencies are above those of the model. 
The output is fed to an absolute value circuit or de- 
polarizer whose output is a d-c voltage which is the 
rms value of the filter output. The difference be- 
tween this rms value and a bias voltage which rep- 
resents the desired rms amplitude of oscillation is 
used to drive the gain changing device through a 
stabilizing network. 

To analyze this loop, the transfer function of the 
block depicting the rate loop dynamics must account 
for the change in amplitude of the characteristic 
oscillations with changing loop gain. An exponen- 
tial relationship: 

we 
where: 
6= Angular attitude rate, radians per sec 
a=Constant, describing exponential rate of 
characteristic oscillation 
\K = Incremental change in gain 
t = Time, sec 


results from simplified airframe equations. 
This equation can be linearized by considering 
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Fig. 1 — Attitude control loop and adaptive circuit. 
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Fig. 3 — Linearized adaptive circuit loop. 
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Fig. 4 — Gain and phase characteristics of the adaptive loop. 
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. continued 


small perturbations about the neutrally stable gain. 
This assumption seems reasonable since the adaptive 
circuit is designed to be fast enough to maintain the 
system at its neutrally stable point for the maximum 
rates of change expected in the flight control sys- 
tem loop gain. Steady state errors are washed out 
by an integration in the stabilizing network. With 
this assumption, a linearized transfer function of 
rms amplitude of oscillation as a function of gain 
change is obtained which can be used to replace the 
rate loop dynamics in the mathematical model. 

The adaptive circuit loop can be represented by 
the mathematical expressions shown in Fig. 3. The 
response bandwidth and stability of this loop are 
established by the design of the stabilizer network, 
K,(S). 

The characteristic equation of this simplified loop 
shows that the adaptive circuit network must be in 
the form of an integration and a second order lead 
for stability. 

K.(S) K,(,S +1) (t,8 +1) 
t,S 
where: 


K, = Gain of adaptive loop 
t, »= Adaptive loop lead time constants, sec 
S = LaPlace operator 


= = Gain of stabilizer network 

1 

An open loop Bode plot of the adaptive circuit is 
shown in Fig. 4. The accuracy requirements (which 
limit the allowable amplitude of oscillation which 
can be tolerated during maximum rates of change 
of the rate loop gain) establishes the cross-over fre- 
quency to be: 
w, = at, K, 


1 
and for stability it is desirable to make o, -2(=) 
To 


and t, > t. 

An analog simulation of the adaptive circuit and 
attitude control loop proved the feasibility of the 
. design. 


Choosing the channel 


The amplitude of the control surface oscillations 
in the yaw channel proved to be four times greater 
than in the pitch channel for the same control 
power consumption and vibration of the pilot. 
Since the flight dynamics are about the same in all 
channels (pitch, roll, and yaw), it is feasible to vary 
all the gains of the system by monitoring the char- 
acteristic oscillations of the yaw loop only. This 
gives the highest neutral stability gain which is good 
from response considerations. 


To Order Paper No. 171A... 
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Upside-down 


levapad 
makes a new 
wind tunnel 


scale 


> The floating action of the film of air 


in all directions. The design produces 


edon presentationby Joseph F. White ford Motor Co. 


LOATING cars on an upside-down levapad proved 

to be a cheap but accurate way to measure areo- 
dynamic forces in Ford’s wind tunnel. This tech- 
nique has three major advantages for the en- 
gineer who wants to add a balance system to an 
existing tunnel. They are: 


@ The tunnel does not have to be torn apart or 
shut down. 

@ The cost is much lower than conventional sys- 
tems and has comparable accuracy. 

@ The installation is portable and quickly set up. 


Watching vehicles day after day on test in a 
fine wind tunnel that does not have aerodynamic 
scales is a strong incentive to develop economical 
portable scales. The major problem is to provide 
a mechanism that will support the full weight of 
the vehicle and offer negligible resistance to hori- 
zontal motion of the vehicle. It took quite a while 
to recognize that this problem matched the func- 
tional definition of a levapad. Levapads were de- 
veloped for the frictionless support of moving ve- 
hicles, but they work just as well under static 
conditions “floating” heavy loads on a film of flow- 
ing air a few thousandths of an inch thick. 
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in a levapad can support a car and still give accurate force readings 


a compact, inexpensive, portable balance system for vehicle wind tunnels. 


Under each wheel there is a levapad, and a sys- 
tem of electric load cells (strain gages) that meas- 
ure the vertical, longitudinal, and lateral reaction 
of the wheel it supports. From these forces and 
the geometry of the layout, the three forces and 
three moments acting on the car can be calculated 
by simple arithmetic, 

The construction of one of these scales is shown 
in Fig. 1. The levapad is inverted from its usual 
position and mounted on a base plate. The vertical 
wheel reaction is measured by a scale that floats on 
the levapad. The scale consists of two plates sep- 
arated by four electric load cells. The cells are of 
the resistance strain gage variety and are connected 
electrically to produce a single voltage proportional 
to the vertical wheel reaction. 

The important feature of these load cells is that 
they can transmit horizontal aerodynamic forces 
to the horizontal load cells in addition to performing 
their primary function of measuring the vertical 
force. This permits a compact, solid construction 
with no levers or pivots. 

The horizontal forces are measured by similar 
load cells. Three cells are required to link the 
vertical weight scale and base plate, and to restrain 
the vertical weight scale to a central position on the 
levapad. Two of the cells are parallel and on op- 
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PORTABLE ELECTRONIC SCALE 


VERTICAL 
TRANSDUCER 


HORIZONTAL 


HORIZONTAL TRANSDUCER 


TRANSDUCER 
TO AIR SUPPLY —~ 


INVERTED LE VAPAD 


Fig. 1 — Schematic drawing of aerodynamic scale which uses a levapad 
to support the weight of the vehicle. 
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Fig. 3— Upside-down levapad acts as a frictionless float for an 
aerodynamic scale. The only wind tunnel modification necessary 
with this type scale are holes in the floor for the one air hole and 
three electrical connections 


Fig. 2— Universal 
joints made of two 
thin steel webs at 
right angles are used 
to decouple force 
measurements in 
three directions. 
This isolation is 
necessary because of 
the slight motions as- 
sociated with strain 
gages and the leva- 
pad. 


posite sides of the scale. They are combined elec- 
trically to measure the longitudinal wheel reaction. 
The third cell, at right angles to the others, meas- 
ures lateral wheel reaction. 

Universal joints are provided to accommodate 
the slight vertical motion associated with the leva- 
pad and the slight horizontal motion required to 
develop measurable stresses in the horizontal load 
cells. Frictionless universal joints were made by 
cutting into the bars of steel from which the trans- 
ducers are made to form thin flexible webbs. A pair 
of these webs at right angles constitutes a universal 
joint. This is illustrated in Fig. 2. The universal 
joint webbs are 0.060 in. thick and 0.10 in. long. 
They must be stout enough axially to transmit the 
aerodynamic force to the transducer or load cell. 
Both tension and compression forces are encoun- 
tered. The webbs must also be flexible enough in 
bending to offer low resistance to the levapad mo- 
tion (0.006 in.) and the horizontal motion encoun- 
tered in deflecting the right angle transducer 
(0.003 in.). There is adequate latitude between 
these requirements of stoutness and flexibility that 
the dimensions of the webb are not critical. How- 
ever, the scales are calibrated when completely as- 
sembled since the webbs still do constitute a small 
portion of the elastic force-measuring system. 

The transduced design is also shown in Fig. 2. 
It is a set of parallel beams. This is superior to a 
single beam type in that the transducer is rigid 
in bending and the beams deflect in a controlled 
parallelogram type motion. 

The levapad itself, shown in Fig. 3, is 14 in. in di- 
ameter. It has 16 air exit holes equally spaced on a 
4 11/16 in. radius, with four holes equally spaced on 
a 1 9/16-in radius. All holes are 0.050 in. in diam- 
eter. With a load of 1000 lb on a scale and 70 psi air 
pressure, the air gap over the levapad is 0.006 in. 
This is adequate to be certain that there is no con- 
tact between surfaces due to irregularities or warp- 
ing. The air consumption is approximately 20 cfm. 
Higher flotation could be achieved by drilling out 
the exit holes, but this would put a drain on the 
building air supply. 

The projecting pins are locking devices that re- 
lieve the horizontal load cells of the shock loads 
incurred in moving vehicles on and off the scales. 


To order SP-180 .. . 


from which material for this article was drawn, see p. 6. 





New Techniques Control 


Noise and Vibration 


F. J. Hooven 


OISE and vibration in unitized construction has 

to be taken care of by specific design for isola- 

tion and minimum coupling to noise sources. Con- 

ventional techniques used on body-frame cars are 

unsatisfactory. This is the lesson learned at Ford 

in working with its three unitized cars — the Lin- 
coln, Thunderbird, and Falcon. 

The unitized vehicle lacks the body mounts, which 
are a very effective filter against noise and vibration 
frequencies between the body and both the road and 
mechanical components. The frame functions as a 
separate anvil against the higher frequencies from 
both sources, and it is a difficult problem in the 
unitized cars to insert filtering means of equal ef- 
fectiveness without having a similar mass to use for 
the purpose. Therefore, the designer must provide 
separate filtration and isolation means to control 
each source of noise and vibration. 


Suspension as noise source 


Front suspension transmitted road noises are 
found to be highly variable with tire design and 
compounding. High frequency sounds are both gen- 
erated and transmitted through static friction in 
pivots and ball joints, and considerable improvement 
can be had by using rubberbacked pivot bearings, 
through the use of such plastic materials as teflon 
and polyethylene, which have low static friction 
characteristics, and by improved lubricants, which 
have a similar effect on metal joints. 

Rear suspension noise problems differ radically 
from those of the front suspension. With the com- 
mon solid-axle rear suspension, the greater un- 
sprung weight constitutes a much more effective 
anvil against noise frequencies from the road, while 
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in Unitized Cars 


acceleration moments are substantially absent in 
the noise range. 


Axle gear noise 


Axle gear noise and engine and propeller shaft 
vibrations are transmitted through the rear springs 
as well as through the propeller shaft. The isola- 


\\"" HE ENGINEEER’S job is to re- 

duce noise and vibration to the 
point where it is subjectively accept- 
able, not to render them impercep- 
tible,” says the author. 


“In a practical way this means that 
the sound of the vehicle must be low 
enough to permit intelligible conver- 
sation in normal tones under most op- 
erating conditions, and the sound of 
the clock ticking may be heard at 60 
mph. 


“The intelligibility of conversation 
resides in some very low level sounds 
with frequencies over 1000 cps, so that 
intelligibility of speech is affected 
more by the reduction of the higher 
frequency noises as long as they are 
not completely masked by the low fre- 
quencies.” 


“It also helps to have a clock with 
a good loud tick.” 





Noise and Vibration 


in Unitized Cars 


. continued 


tion of these sources is the most severe rear sus- 
pension problem in the unitized vehicle. Axle noise 
is almost entirely gear noise consisting of the gear 
tooth frequencies and their harmonics. Gear tooth 
pressure bearing loads cause deflection in the axle 
carrier structure itself, with resultant linear ac- 
celerations of the axle mass. Gear tooth inaccura- 
cies result in torsional accelerations about both the 
wheel axis and the propeller shaft axis, of which the 
most troublesome is that about the wheel axis be- 
cause of the lower moment of inertia in that direc- 
tion. These frequencies are bound to appear be- 
cause no axle has the weight or strength to take 
present-day tooth loads without deflection. 

Axle gear noise is isolated from the vehicle struc- 
ture in the Lincoln in four ways, and in two ways 
with the Falcon and Comet. All have large diameter 
rubber bushings in the spring eyes, and rubber in- 
terleaf liners in the springs (Fig. 1). The Lincoln 
has, in addition, a rubber pad between the axle and 
the spring, and a rubber isolated propeller shaft. 


Engine and propeller shaft vibrations 


Engine and propeller shaft vibrations reach the 
car structure mainly through the engine mounts, 
and to some degree through the rear suspension. 
The offending frequencies are in the 60-110-cps 
range — the same order of magnitude as the cavity 
resonances of the body. The Falcon has a vibration 
of about 60 cps which is a fundamental bending 
mode of the engine-transmission assembly. This is 
excited at various car speeds by various sources, in- 
cluding the propeller shaft first and second order, 
engine main bearing inertia loads first order, engine 
firing first, third, and sixth order. With the 3.10 
axle, these periods occur at about 78 mph for the 
first order, 39 for the second, 26 for the third, and 
13 for the sixth. Since the vibrations take place in 
both horizontal and vertical planes at somewhat dif- 
ferent frequencies, and the various exciting sources 


Fig. 1—To isolate gear 
noise in its unitized cars, 
Ford uses large diameter 
rubber bushings in the spring 
eyes, and rubber interleaf 
liners in the springs. 


favor different planes of vibration, these periods do 
not fall precisely on the sub-multiples of the funda- 
mental speed. 

Efforts have been devoted to reducing these vibra- 
tions by increasing the rigidity of the assembly to 
raise the first-order period beyond the normal run- 
ning speed, or by introducing some kind of damping. 
The most troublesome vertical mode is taken care of 
on the Lincoln by using a tuned mass damper con- 
sisting of a spring-tuned mass in a can of oil, as 
shown in cross-section in Fig. 2. Experiments with 
tuned dampers without oil on the Falcon brought 
inconsistent results due to the sharpness of tuning 
of the relatively undamped oscillating mass. 


Engine bending oscillations 


Engine bending oscillations are ordinarily most 
troublesome in the vertical plane because of the 
necessary alignment of the rear mount, and the 
greater responsiveness of nearby floor pans to that 
mode of vibration. Such oscillations normally have 
a node very near the flywheel housing, and a useful 
reduction of noise and vibration can be had by lo- 
cating the engine mount nearer this node. A typical 
dimensional effect is represented by the difference 
between the Falcon rear mount and the Comet 
mount, which has been moved forward and attached 
to a separate cross-member, as shown in Fig 3. The 
Falcon mount is acceptable with the lighter and 
cheaper construction, but the more expensive de- 
sign was required for the Comet because of its 
longer driveshaft. 

The excitation of engine-bending oscillations is 
much more serious in the in-line engine than in the 
90-deg, Vengine. The 6-cyl engine is a bad offender 
since balance is achieved by equalizing rather widely 
spread opposing forces within the structure of the 
engine itself. The alternating configuration of pri- 
mary reciprocating inertia loads are in complete 
external balance, yet subject the engine structure 
to a very large lengthwise bending moment, which 
alternates as a first-order crankshaft frequency. 
These forces cannot be balanced out by counter- 
weights, inasmuch as they are reciprocating, not 
rotating, vectors. 

The 90-deg, V-8 engine, on the other hand, has 
relatively mild first order excitation of engine 
bending modes due to engine reciprocating inertia, 
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and all primary inertia forces can be balanced out 
with counterweights. 


Watch the accessories 


Engine accessories are found to be potent exciters 
of engine bending modes, both because of their 
higher operating speeds and because of their dis- 
tance from the vibration node. Generators and fans 
have to be balanced within close limits, and gen- 
erator brackets must be rigid enough to keep the 
natural frequency above the first-order operating 
speed. Other small auxiliary devices that may be 
mounted to the engine by attachments that have 
modes of vibration within the operating range will 
become perceptible within the unitized vehicle un- 
less specific provisions are made to prevent and 
isolate such vibrations. 


To Order Paper No. 143B .. . 


from which material for this article was drawn, see p. 6. 
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Fig. 3 — Rear mount of Fal- 
con engine is shown at the 
top. Comet rear mount, 
shown at right, has been 
moved forward and attached 
to a separate cross-member 
because of its longer drive- 
shaft. 
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FLUID 





Fig 2 — Damping out the most troublesome vertical mode of engine and 
propeller shaft vibrations in the Lincoln is accomplished by a damper 
consisting of a spring-tuned mass in a can of oil. 


Ca 
2. 
























a, 
ry 
di ie 









Sac Pract A-i 


WEIGHT, LB. 






INSIDE DIAMETER, IN. 






WEIGHTS OF TYPICAL ELECTRIC MOT R-DRIVEN BUTTERFLY 
GHUTOFF VALVES 





FIGURE 38-99 








SAE Sires 


New Aero-Space 


Applied 


Thermodynamics 


Manual 










— 2 
ee 


Comprehensive 1000-page manual is one-stop reference for designing 


fluid thermodynamic airborne and space vehicle systems. Basic data, however, apply 


to thermodynamic problems in aero-space and ground vehicle industries. 


IVE BASIC engineering functions have been com- 

bined for the first time in the new SAE Aero- 
Space Applied Thermodynamics Manual. 

Its 1000-odd pages of basic information supply: 


@ The solution of most practical air-con- 
ditioning and power-pneumatics prob- 
lems, as well as of some hydraulics prob- 
lems. 

@A complete standardization of symbols 
and nomenclature. 

@ Accepted industry methods of approach 
to typical design problems. 

@A very complete source of thermody- 
namic properties of materials available 
under one cover. 

@ Information that can be kept always up- 
to-date. The manual is in loose leaf form 
and will be regularly supplemented by 
the latest engineering thermodynamic 
data and techniques. 


The manual represents five years of concentrated 
work by SAE’s Committee A-9 (Aero-Space En- 
vironmental Control Systems). The Committee’s 
work in development and completion of this manual 
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was preceded by four separate projects in related 
fields. As a result, the manual reflects the best 
engineering knowledge in the United States on so- 
lution of thermodynamic aero-space problems. 


Is it a textbook? 


This Applied Thermodynamics Manual picks up 
where typical text-book learning finishes. It car- 
ries forward past the text-book stage in three ways. 

FIRST, in a section on engineering fundamentals, 
it brings together the directly usable results of both 
theory and practice on: 


@ Compressible and incompressible flow. 
@ Heat transfer. 

@ Mass transfer. 

e@ Air-and-water mixtures. 


SECOND, in a thermo-physical properties section, 
it provides a very complete and authoritative single 
source of information on the gases, liquids, and 
solids commonly used in aero-space systems. It both 
tabulates and charts this information. 

THIRD, in its section on application engineering, 
it details methods of designing complete heating, re- 
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frigeration, and pressurization systems, as well as 
external ice protection systems. This section also 
includes analysis of individual components, test 
equipment, and aircraft penalty evaluation. 

By using these three sections of this single volume, 
a junior or uninitiated engineer in the field when as- 
signed to a new project can assemble all the theory, 
practice, and empirical data necessary for solution 
of a particular problem. For example, the perform- 
ance of the air turbine for the air-conditioning sys- 
tem of the F104-B shows how the manual can be 
used for a simple specific problem. The radial in- 
ward flow turbine in the F104-A had been optimized 
for that plane’s requirements. The question was 
“How well will it perform in the F104-B with a higher 
inlet pressure?” 

By going to page H-56 of Section 3 of the Manual, 
the engineer computing the performance finds the 
necessary calculation steps and solves for the tur- 
bine performance for the various flight profiles. 

The problem does not end here, of course, for the 
new performance figures of the turbine must be re- 
lated to the new ducting, valves, and other com- 
ponents in the F104-B. However, air-cycle re- 
frigeration system analysis is also spelled out in 
Section 3. Such factors as flow losses in ducts and 
heat transfer rates for specific geometry come from 
Section 1 while thermodynamic data on the working 
fluid is found in Section 2. 


Order out of confusion 


One of the simplest ideas — yet the hardest to 
achieve — is to get engineers to talk the same lan- 
guage. This ranges from calling a part by one 
name to the reporting of results on a complex sys- 
tem. The manual has met this challenge on four 
major fronts: 


(a) symbolization of engineering terms; (b) units 
of measure; (c) nomenclature of parts and proc- 
esses; and (d) approaches to and performance-re- 
porting of design procedures. 


Through continued use of the manual, there 
will be an extra saving of engineering time within 
and between companies because of a growing ease 
of communications and a simplification of calcula- 
tions. Some examples of this unified industry ap- 
proach are: 


@e Common units are used for terms such as 
thermal conductivity, specific heat, and heat of 
vaporization, while presently different units are 
used from reference to reference. 

@ Clarifies the selection of appropriate standard 
atmosphere data. 

e Standardization of symbols used throughout the 
manual is based upon actual present engineering 
practice. 

@ Controversial definitions are pinned down, like 
counterflow heat exchanger versus multi-pass cross- 
flow heat exchanger, or proportional control valve 
versus modulated control valve. 

@eCommon ground rules are established for 
measurements or reporting of data that range from 
evaluating the aircraft penalty incurred with an 
air-conditioning system to the method of calculat- 
ing flow loss through a valve. 
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How to Get and Use 


VUE 


the Aero-Space 
Applied Thermodynamics Manual 


OPIES of the manual can be obtained from 

SAE for $25 each (plus $2 service charge 
outside the U. S.) by filling out and sending in 
the order blank on page 6. 


Each copy of the manual is registered, so fill 
in the mailing address where you want to be 
notified of future revisions. Revision kits are 
expected to be available at nominal cost every 
three months to a year. They will contain new 
data and extensions of existing data. 


SAE Committee A-9 has designed the manual 
to be a constantly up-to-date complete infor- 
mation source on aero-space thermodynamic 
problems. The manual now issued is the first 
and basic publication. It should be considered 
and used as a permanent reference source. 
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Upgrading and expanding data 


A double-barreled treatment of emperical data 
is a major strength of the manual. A comprehen- 
sive sorting has brought the most authoritative 
data together in Section 2 while a revision kit con- 
cept promises to keep manual users supplied with 
the last information. 

Each of the thermo-physical charts for gases, 
liquids, and solids is constructed to give a full and 
reliable range of properties, whether the basic in- 
formation was obtained from one or many sources. 
As information on any of the materials expands, 
such as to higher temperatures, the charts will be 
corrected and re-issued. In this way, the idea of a 
single master reference volume is kept intact. Also, 
emperical data on new materials will be added as 
their use becomes significant to aero-space vehicles. 

Basic theory and practice will also undergo con- 
stant revisions. For instance, the present 32 pages 
on radiation heat transfer will be supplemented 
with characteristics of radiation between the earth, 
sun, moon, and satellite as soon as it becomes avail- 
able. 

The reliability of the data and procedures outlined 
in the manual is enhanced by the hundreds of ref- 
erences listed with the different sections and parts. 
In this way the user does not have to take on faith 
the basic source of data. In fact, it may well happen 
that an engineer finds his whole fundamental ref- 
erence library and more are listed as sources in the 
manual. Also, as the members of Committee A-9 
already know, information from valuable but hard- 
to-get sources is already in the manual. 


Outline of Contents of the Manual—— —#———_________»» 
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OHN A. C. WARNER had completed 30 
years as SAE secretary and general man- 
ager, when he retired from that post July 1, 
1960. At the request of the Board of Direc- 
tors, he will continue to serve the Society as 
an advisory consultant. 

To date, John Warner has served SAE a 
total of 33 years. He first joined the Society 
staff in 1923 as assistant manager of the Re- 
search Department, then became its man- 
ager. A year or so later, he became man- 
ager of Sections and meetings. Then, in 
1926, he went to Studebaker Corp. to serve 
four years as assistant research manager, 
before returning to SAE when he was 
elected to be secretary and general manager 
of the Society, beginning in July, 1930. 

Speaking of Warner’s appointment as ad- 
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visory consultant, SAE President Harry E. 
Chesebrough says: 

“SAE has benefited greatly during the 30 
years John Warner has been secretary and 
general manager from his unusual ability to 
stimulate the interest of industry’s out- 
standing engineers in SAE work; from his 
ability to bring to all members a vision of 
opportunity for service through coopera- 
tive SAE effort; and from his ability to 
guide and counsel with SAE-active engi- 
neers as each made his personal and individ- 
ual contribution. 

John’s activities as advisory consultant 
provide an opportunity for the Society to 
benefit in the future as in the past from con- 
tinued application of these unusual talents 
to SAE progress.” 
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Joseph Gilbert Appointed 


as SAE Secretary and General Manager 


OSEPH GILBERT became secretary and general man- 

ager of the Society of Automotive Engineers on July 1, 
1960, succeeding John A. C. Warner. He is the third to 
hold this post in the Society's 55-year history. Coker F. 
Clarkson, SAE’s first secretary and general manager, 
served from 1910 to 1930; John A. C. Warner from 4930 to 
1960. Gilbert has been assistant general manager since 
1957, and a member of the Society’s headquarters staff for 
14 years 

As assistant general manager, Gilbert was in charge of 
the operations of the headquarters staff. During this 
period also, he has assisted the officers and Board of Di- 
rectors in the carrying out of many administrative policies, 
and has made frequent visits to Section meetings and to 
Section governing boards 

Gilbert played an important role in the Planning for 
Progress work which led to the Society’s present organiza- 
tional structure. As secretary of the Planning for Progress 
Committee, he was a centerpoint in the development. On 
the one hand, he was responsible for servicing the Com- 
mittee and its studies. On the other, he was responsible 
for effecting the realignment of staff and operational 
services required to service the expanded opportunities of 
the new structure 

President Harry E. Chesebrough, at the time of Gilbert’s 
election at the June 10 Board of Directors meeting, com- 
mented: 

“Gilbert has combined initiative effectively with wisdom 
in his direction of the headquarters staff through a com- 
plex period of changing requirements.” 

Gilbert started his SAE career in the Publication Divi- 
sion. There his work put him in contact with every tech- 
nical and administrative phase of the Society’s work. He 
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was part of a publications staff whose function it is to find 
out what’s going on — and to interpret for SAE Journal 
readers what it means. 

Before moving further ahead, he had become assistant 
manager of the Publication Division — and managing edi- 
tor of SAE Journal. 

Then he was advanced to become manager of the Tech- 
nical Committee Division, serving also as secretary of 
the SAE Technical Board. Briefly, he was responsible for 
the Activity Division ... which serves and works with the 
Activity Committees, now agencies of the Engineering 
Activity Board. For several years, he was staff represent- 
ative for four Activity Committees. 

For more than four years, Gilbert also has headed the 
staff activity which assists the Finance Committee to gain 
financial recognition for the SAE Cooperative Engineer- 
ing Program. 

Of Gilbert’s work as assistant general manager, former 
secretary and general manager John Warner said last 
year: “SAE has profited increasingly as we have acceler- 
ated and broadened the opportunities for Gilbert’s talents 
to be applied.” 

Before coming to SAE in 1946, Gilbert was an industrial 
engineering officer in the Air Force during World War II, 
with responsibilities in development of plant and manu- 
facturing facilities for production of aircraft, engines, and 
components. 

He has a Master of Science degree in Industrial Engi- 
neering from Columbia University; a Bachelor’s degree 
in Engineering from the College of the City of New York. 
Gilbert will be 40 years old next December. 

He is married; has a 14-year old son, and a 10-year old 
daughter. 





Attendance tops 2000 for a new all-time record at 


1960 SUMMER MEETING 


HAT’S NEW dominated 

technical - information ex- 
changes at the 1960 SAE Summer 
Meeting in Chicago, June 5-10. 
Both breadth and depth of treat- 
ments were _ increased, with 
science-engineering topics con- 
tinuing on the upbeat. Fuel cells 
and plastic-clad metals, for ex- 
ample, were on the program the 
day the meeting started, while 
plasma technology and the latest 
in combustion research and sur- 
face finishing were among the 
later discussions. 

The surface finish session on 
Wednesday afternoon saw engi- 
neers from Great Britain and 
Canada joined in interests with a 
large group of United States tech- 
nicians. Before and after the 
technical sessions, meetings were 
held of the surface finish group of 
the American - British - Canadian 
Standards Conference, with of- 
ficial delegates participating from 
each of the three nations. (See 
picture at top of opposite page.) 

The total number of technical 
sessions (32) and the average at- 
tendance at each surpassed that 
of any previous Summer Meeting 

. aS did the total number of pa- 
pers presented (78). Total at- 
tendance at meeting — where so- 


ie 
—#/f) 
cial events were deemphasized — 
ran over the 2000 mark, consider- 
ably ahead of last year’s Atlantic 
City gathering. 

A special program of unusual in- 
terest was set up for the ladies on 
every day of the meeting. The la- 
dies’ events included bridge part- 
ies and a full day’s tour of Chi- 
cago’s famous Merchandise Mart. 
Joint social events during the 
week were the “Welcome Party” 
staged Sunday evening and the 
“Midweek Mixer” on Wednesday 
evening. The later event was 
built around a “Roaring 20s” 
theme. 


“What's New” Areas 


Technical areas in which the 
“what’s new” theme was em- 
phasized included the following: 
heat treatment, fuel cells, tracers 
in machining; plastic-clad metals, 
plasma technology, gas turbines 
for ground vehicles, markets for 
automotive products, surface fin- 
ish, and car-highway relation- 
ships for the future. 

Committee meetings were nu- 
merous, as usual, in both technical 
committee and the administra- 
tive areas. Headed by the Board 
of Directors meeting on Friday, 


Chicago 


June 10, the list of meetings in- 
cluded every one of the Society’s 
major administrative groups. The 
SAE Technical Board held its first 
meeting during a Summer Meet- 
ing in many years. The Engineer- 
ing Activity Board and the Sec- 
tions Board—the two other 
bodies which administer wide areas 
of the Society’s member activi- 
ties— also met during the week. 
Other major administrative com- 
mittees to meet were the Finance 
Committee which reviewed 
some preliminary budget esti- 
mates for the next fiscal year... 
and the Publication Committee, 
which moved one step nearer to 
completion of its study of revis- 
ions in the SAE publications setup 
needed to meet currently fast-ex- 
panding member needs. 

Most important action taken 
at the Board of Directors meeting 
was election of Joseph Gilbert to 
be SAE Secretary and General 
Manager, after appointment as 
advisory consultant of John A. C. 
Warner. (See pg. 92-93.) Follow- 
ing its meeting, the Directors held 
a luncheon in honor of John War- 
ner to celebrate his completion of 
30 years as the Society’s Secretary 
and General Manager. (See pic- 
ture on p. 102) 


A STUDENT ACTIVITY COM- 
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BREAKTHROUGHS IN THE ’60s is the th of the SAE 
neering to be held in Detroit obo Hall anuary. T 
head of table) at a press conference during Summer Meetin 





<ERNATION 
wil a Vay 


SS 





HE SAE INTERNATIONAL AUTOMOTIVE ENGI- 

NEERING CONGRESS will be the 1961 SAE An- 
nual Meeting, it was announced by SAE President 
Harry E. Chesebrough. 

This International Congress, Chesebrough told 
reporters at a press conference held during Summer 
Meeting, “will bring together in one place and at one 
time the key automotive engineers from the entire 
world to exchange the latest in engineering and 
scientific knowledge.” 

Theme for the Congress will be “Breakthroughs in 
the ’60s.” To be held in Detroit’s new Cobo Hall, the 
Congress is expected to draw more engineers than 
ever before to its 60 technical sessions where the 
significance of recent developments will be projected 
into the future. The Congress will also house SAE’s 


largest Engineering Display as well as a non-com- 
mercial display, the Science Pavilion, which will fea- 
ture the X-15 and new wheel-less vehicles. 

Harry Barr, chairman of SAE’s Engineering Activ- 
ity Board, Robert Johnson, a past SAE Director, and 
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SAE International Automotive 
Engineering Congress Announced 
At Chesebrough Press Conference 


Ralph Isbrandt, chairman of the Exposition Advisory 
Committee, supplemented President Chesebrough’s 
talk to reporters. Barr, who is Chevrolet’s chief en- 
gineer, announced that over 150 papers, tailored to 
the interests and needs of today’s engineer, will be 
presented at technical sessions. Two sessions, de- 
scribed by Robert Johnson, assistant to the general 
manager of Wright Aeronautical Division, as special 
project MOONBEAM, will feature papers on the de- 
sign of an imaginary space vehicle which in 1970 is 
expected to go to the moon and back in scheduled 
service. 

In pointing out the magnitude of Cobo Hall facili- 
ties, Isbrandt, director of automotive engineering 
and research, American Motors Corp., estimated that 
over 500 displays will fill the 200,000 sq ft Exposition 
area. 

In closing, President Chesebrough observed that 
in planning the theme and technical content of the 
Congress, not much time was wasted looking back. 
Instead, attention was keyed to the future. 





SUPPLEMENTING President Chesebrough’s talk to reporters were (from left to right) Robert 

Johnson, past SAE Director, Ralph Isbrandt, chairman of the Exposition Advisory Committee, 

President Chesebrough, and Harry Barr, chairman of SAE’s Engineering Activity Committee 
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1960 SAE Summer Meeting included: 


A Polyvinyl Alcohol Solution as a Quench- 
ant for the Hardening of Steel, P. E. 
Cary, E. O. Magnus, and A. S. Jameson, 
International Harvester Co 178A 


New Nitriding Process for Increased Wear 
and Fatigue Resistance, C. S$. Bidigare, 
Commercial Steel Treating Corp., and 
J. H. Shoemaker, Kolene Corp. (178B) 


Engineering Convection in Heat Treat Fur 
naces, J. Huebler, Surface Combustion 
Div., Midland Ross Corp. (178C) 


Fuels Cells: Introduction, L. D. McCraw, 
Batelle Memorial Institute (179A) 


The U.S. Army Research and Development 
Program in Fuel Cells, Sidney Magram 
and B. R. Stein, Chemistry G Materials 
Branch, Army Research Office (179B) 


A Nitrosy! Chloride Solar Regenerative Fuel 
Cell System, E. Findl, W. B. Lee, J. D. 
Margerum, and W. E. McKee, Sundstrand 
Turbe Div., Sundstrand Corp. (179C) 


The Marvibond Process Seven Years’ Ex 
perience, P. E. Roggi and C. E. Kiernan, 
Naugatuck Chemical Div., U. S. Rubber 
Co. (180A) 


Production and Application of Viny 
Coated Steel, C. H. Rendell, U. S. Steel 
Corp. (180B) 


A New Approach to Vinyl Films on Stee 
W. G. Cryderman, Kaybar, Inc. (180C) 


A New Technique 
W. R. Pas- 


Fusion Bond Coating 
for Plastic Cladding Metal 
coe, Polymer Corp. (180D) 


Radioisotopes Broaden the Approach t 
Machining Studies, Marko Paliobagis and 
E. J. Krabacher, Cincinnati Milling Ma 
chine Co. (181A). 


Design Considerations for the Radio Chem 
ical Laboratory in Industry, L. C. Schwen- 
diman, General Electric Co. (181B) 


The Applications of Radioisotopes in Ma 
chining Operations, J. H. Tolan, Nuclear 


Branch, Lockheed Aircraft Corp., Georg.a 
Div. (181C) 
Value Engineering Key to Productivity 


and Profitability, J. F. Prendergast, Gen 
eral Electric Co. (182A) 


Noise Quieting Principles for Rotary Type 
Power Lawn Mowers, W. C. Sperry, Ar 
mour Research Foundation (183A) 


Vibration and Noise Control of Outboard 
Motors and Other Products, J. W. Mohr, 
Outboard Marine Corp. (183B) 


n Hydraulic Brake 
for Motor Trucks, John Thomas, Mot 
Truck Div., International Harvester C 


Technological Advances 


(184A) 

Air Brakes Yesterday Today, and Tomor 
row, R. B. Palmer, Ford Motor Co 
(184B) 

The European Approach to Braking Stand 
ards, C. W. Jackman, Chevrolet Motor 


Div., General Motors Corp. (184C) 


Ablation Cooling of Missiles and Satellites 
E. R. G. Eckert, University of Minnesota 
(185A) 


Plasma Propulsion, $. W. Kash, Missiles G 
Space Div., Lockheed Aijrcraft Corp 


(1858 
Theoretical Prediction of the Effect of 
Traction on Cornering Force, Walter 


Bergman, Ford Motor Co., (186A) 


Experimental Determination f the Effect 
of Traction on Cornering Force, C. A. 
Freeman, Ford Motor Co. (186B) 


Tread Wear Operating Variables and Index 
Determination, J. L. Ginn, R. F. Miller, 
and R. L. Marlowe, 8. F. Goodrich Co 
(186C) 


Mechanics of Tire Squeal, R. F. Miller, B. F 
Goodrich C and J. G. Slaby, National 
Aeronautic G Space Administration 
(186D) 


An Advanced Automotive Gas Turbine En- 
gine Concept, |. M. Swatman and D. A. 
Malohn, Turbo Machine Dept., Ford Mo 
tor Co. (187A) 


The Film Vaporization Combustor, A. W. 
Hussmann, Pennsylvania State Univer- 
sity, and ©. W. Maybach, Maybach Mo- 
torenbau (187B) 


Papers are available 


The New Awareness on Management Infor 
mation and Control Systems, W. E. Al- 
berts, United Air Lines, Inc. (not avail- 
able) 


How To Improve Plant Layouts, N. L. 
Schmeichel, Sterling National Industries 
(189A) 


The Economics of Revising Plant Layouts 
John Mcintosh, Ernst and Ernst (189B) 


Fuel Injection and Positive Ignition A 
Basis for Improved Efficiency and Econ- 
omy, C. W. Davis, E. M. Barber, and 
Edward Mitchell, Texaco Research Center 
(190A) 


Development of a Cylinder Water Seal to 
Prevent Diesel Engine Crankcase Cavita 
tion Erosion, A. B. Neild, Jr., U. S 
Naval Engineering Experiment Station 
(191A) 


Laboratory and Field Findings Pertaining 
to Axle Lubricants, W. A. Johnson, 
Rockwell-Standard Corp. (192A) 


A Report on Transmission Lubricant Re 
quirements, R. E. Fletcher, Dana Corp 
(192B) 


Comparison of Axle and Transmission Lu 
bricant Requirements, R. K. Nelson and 
L. J. Valentine, Eaton Mfg. Co. (192C) 


The Practicality of a Common Transmis- 
sion and Axle Lubricant, $. R. Calish, 
California Research Corp. (192D) 


How Textiles Increase Your Horsepower 
R. T. Chatham, Chatham Manufacturing 
Co. (193A) 


Friction of Transmissi Clutch Materials 
As Affected by Fluids, Additives and 
Oxidation, M. L. Haviland and J. J. 
Rodgers, Research Labs., General Motors 
Corp. (194A) 


A Radioactive Tracer Study of Lubricating 
Oil Consumption, E. S$. Starkman, Ur 
versity of California (194B) 


Metallic Tracer Method for Determining 
Lubricant in Engine Exhaust, J. C. Neer- 
man, F. R. Bryan, and J. E. Hinsch, Sc 
entific Lab., Ford Motor Co. (194C) 


Effects of the Support System and Stylus 
Radius on Roughness Measurement, F. 
W. Kabat and C. H. Cood, Micrometrica 
Mfg. Co. (195A) 


Roundness and Its Ramifications, €. €. 
Lindberg, Research Labs., General Motors 
Corp. (195B) 


Measurement of Surface Waviness of Roll- 
ing-Element Bearing Parts, O. CG. CGus- 
tafsson and U. A. Rimrott, SKF [indus 
tries, Inc. (195C) 


Measurement, Evaluation and Specificatior 
of Surface Finish of Tubing, W. C. Har- 
mon, Republic Steel Corp. (195D) 


Computer Simulation of Automotive Fuel 
Economy and Acceleration, R. K. Louden 
and |. K. Lukey, Buick Motor Div., Gen 
eral Motors Corp. (196A 


cr 


computer Predicts Car Acceleration, H. L. 
Setz, Ford Motor Co. (196B) 


Problems Associated with Windshield Wip 
ing, J. S. Clarke and R. R. Lumley, 
Joseph Lucas, Ltd. (197A) 


International's Model 817 High Output 
Diese! Engine, D. J. Bundy and €E. H. 
Stromberg, Construction Equipment En- 
gineering Dept International Harvester 
Co. (198A) 


Should the Engine or the Engineer Get the 
Last Horsepower?, M. F. Sterner, Ho! 
ley Carburetor Co. (199A) 


Forecasting Specific Fuel Economy, P. M. 
Clayton, Ford Motor Co. (199B) 


From 4 Plies to a Single Ply In Steel-Cord 
Casing Tires, M. P. Baumont, Manufac 
ture des Pneumatiques, Michelin (200A) 


Cord Fatigue in Fleet Tested Tires, W. C. 
Klein, M. M. Platt, and W. J. Hamburger, 
Fabric Research Laboratories, Inc. (200B) 


Tire Branding and Inventory Control, R. W. 
Kupp, Consolidated Freightways Inc 
(200C) 
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A Consideration of the Deposit ignition 
Mechanism, F. W. Bowditch and T. C. 
Yu, Research Labs., General Motors Corp. 
(201A) 


Concurrent Pyralytic and Oxidative Reac- 
tion Mechanism in Precombustion of Hy- 
drocarbons, C. E. Welling, C. C. Hall, 
and J. S. Stepanski, Ford Motor Co. 
(201B) 


Unsteady Heat Transfer in Engines, V. D. 
Overbye, University of Wisconsin, J. S. 
Bennethum, Research Labs., General Mo- 
tors Corp., and ©. A. Uyehara and P. S. 
Myers, University of Wisconsin (201C) 


End-Gas Temperature Measurements by a 
Two-Wavelength Infrared Radiation 
Method, W. GC. Agnew, Research Labs., 
General Motors Corp. (201D) 


The Measurement of Unburned-Gas Tem 
peratures in an Engine by an Infrared 
Radiation Pyrometer, M. B. Burrows, 
NASE Lewis Lab., S$. Shimizu, Nagoya 
University, and 0. A. Uyehara, and P. S. 
Myers, University of Wisconsin (201E) 


End-Gas Temperature Pressure Histories 
and Their Relation to Knock, M. E. 
Cluckstein, Cleveland Walcutt, Jr., and 
R. R. Acles, Ethy! Corp. (201F) 


Recent Developments in Cam Design, J. H. 
Nourse, Engineering Consultant, R. C. 
Dennis, Atomic Power Development As- 
soc., and W. M. Wood, Associated 
Spring Corp. (202A) 


Cures for Powerplant Bending Noise Prob- 
lems, R. H. Bollinger, and J. H. Ruhl, 
Ford Motor Co. (203A) 


Engine Mountings Automotive Work- 
horses, Gerald Klaasen, Chrysler Corp. 
(203B) 


How to Keep the Small Fleet Sparkling, R. 
L. Fiske, General Industries Div., Oakite 


Products, Inc. (204A) 

Are You “Married’’ to the Right Vehicle 
Washer?, Monroe Lewis and Sidney 
Mindlin, Jet Spray Auto Washer Corp 
(204B) 


Choosing Equipment for a Large Wash 
Rack Installation, C. P. Ross and R. W. 
Burrill, Ross G White Co. (204C) 


Motions of Skidding Automobiles, W. F. 
Milliken, Jr., and H. S. Radt, Jr., Cor- 
nell Aeronautical Lab., Inc. (205A) 


The Influence of Tires and Their Variables 
on Passenger Car Skidding, A. H. Easton, 
University of Wisconsin (2058) 


The Influence of Road Surfaces and Their 
Variables on Passenger Car Skidding, O. 
K. Normann, U. S. Bureau of Public 
Roads (205C) 


Are Octane Numbers and Hydrocarbon Type 
Enough?, F. D. Buerstetta and |. A. 
Caputo, Ethy! Corp., and E. S$. Corner, 
T. M. Korn, and €. C. Younghouse, 
Esso Research G Engineering Co. (206A) 


Tetramethy! Lead, An Antiknock for Bet- 
ter Road Performance, R. H. Perry, Jr., 
Cc. J. Diperna, and D. P. Health, Socony 
Mobil Oil Co., Inc. (207A) 


The Antiknock Behavior of the Alky! Lead 
Compounds, H. €. Hesselberg and J. R. 
Howard, Ethy! Corp. (207B) 


Automotive Sprag Clutches Design and 
Application, £. A. Ferris, Spring Div., 
Borg-Warner Corp. (208A) 


Roller Clutch Design, R. E. Sauzedde, New 
Departure Div., General Motors Corp 
(208B). 


Transmission Gear Design for Strength, E. 
L. Jones, Axie G Gear Functions Lab., 
Chrysler Corp. (208C) 


Manufacturing Considerations 
Transmission Gear Design 
Detroit Transmission Div 
Corp. (208D) 


Gear Design for Noise Reduction, W. D. 
Route, Chevrolet Motor Div., General 
Motors Corp. (208E) 


Utility of Tetramethyl Lead in Gasoline, 
D. L. Pastell and W. E. Morris, E. |. du 
Pont de Nemours G Co., Inc. (207C) 


Tetramethy! Lead Reduces Low Speed 
Knock, T. M. Korn, Esso Research G En- 
gineering Co., and G. Moss, Esso Research 
Ltd. (207D) 


The Motor Vehicle Aspect of Traffic Safety, 
C. W. Prisk, U. S. Bureau of Public Roads 
(209A) 


Affecting 
Alex Hardy, 
General Motors 
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SAE PUBLICATION COMMITTEE discussed plans for expansion of SAE facilities for publicat 


ENGINEERING ACTIVITY BOARD’S PUBLICATION ADVISORY COMMITTEE met on VJ 





IN-COMING CHICAGO SECTION OFFICERS and one past chairman are 
shown at the Welcome Party. From left is Treasurer W. H. Day, Vice 
Chairman P. J. Sperry, Secretary 1. R. Dawson, and Past Chairman Orville 
Brouer. 


... Welcome Party 


AT SUNDAY NIGHT'S WELCOME PARTY, Chicago Section Re- 
ception Committee Chairman T. J. Jenkins and his wife were on 
hand to greet some 300 SAE members and guests. Throughout 
the rest of the week, Jenkins and a team of Chicago Section mem- 
bers keyed out-of-towners in on Summer Meeting events. 


At the Summer Meeting .. . 


Midweek Mixer... 


THE ROARING TWENTIES was the theme of the Midweek Mixer held 
Wednesday evening. Flanking James Greenlee, past chairman of the Chicago 
Section, are Mrs. Greenlee (left) and Mrs. David Peterson. 


APPROPRIATELY ATTIRED for the occasion 
are SAE Past-President Leonard Raymond and 
Mrs. Raymond who saw Mrs. Edward Muel- 
hoefoer and Paul Oberreutter take first prize 
in the Charleston contest. 
CHICAGO SECTION CHAIRMAN 
Edward Hendrickson (right) is shown 
at Mixer with his brother, Robert 
(who served as Chicago Section 
chairman in 1935-36), and his son, 
Wayne (left). 





AREA COORDINATORS, NEWLY APPOINTED by 
the Sections Board, gathered in Chicago to exchange 
experiences and information on Section needs and 
information-requirements. 


The group decided upon issuance of a periodical 
news letter for circulation among all 15 coordinators 
... with J. N. Overwein (coordinator for Cincinnati, 
Indiana, and Dayton) as editor. 


Those at the meeting shown in the picture above 
are: P. F. Allmendinger (Stewart-Warner) coordina- 
tor for Chicago, Ft. Wayne, and Rockford-Beloit; 
Bernard E. Ricks (Thompson Products) for Detroit, 
Mid-Michigan, and Western Michigan; George J. 
Liddell (Sun Oil) for Philadelphia and Williamsport; 
Sections Board Chairman W. F. Ford; R. E. Autheil, 
(Inland Mfg.) who represented Coordinator Over- 


A LUNCHEON HONORING JOHN 
A. C. WARNER on | oneintion, dl 


Fer 


wein; F. B. Esty (Wisconsin Motor) for Milwaukee 
and Twin City; and R. W. Hogan (Ethyl Corp) for 
Metropolitan, Syracuse, and Mohawk-Hudson. 

Coordinators not present: R. K. Blakeslee (Ameri- 
can Bosch) for New England and Southern New 
England; A. D. Gilchrist (Leece-Neville) for Cleve- 
land, Pittsburgh, and Buffalo; M. F. Kent (Garrett 
Corp.) for K. C., Wichita, and Mid-Continent; F. D. 
Applegate (Convair) for San Diego, S. Calif., Salt 
Lake, and N. Calif.; Alex L. Gray (Gray Forgings & 
Stampings) for Ontario and Montreal; L. C. Kibbee 
(American Trucking Assoc.) for Baltimore, Wash- 
ington, Virginia, and Atlanta; O. E. Kirchner (Boe- 
ing) for Oregon, Northwest, Spokane-Intermoun- 
tain, Alberta, and British Columbia; and E. P. 
Warren (Warren & Co.) for Texas, Texas Gulf Coast, 
and South Texas. 
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PLASTIC-CLAD MET- 
ALS are examined by 
engineers who heard 
W. G. Cryderman (fac- 
ing forward) describe 
a new approach to 
coating steel with vinyl 
films. At the same 
session, W. R. Pascoe 
(right) provided tangi- 
ble evidence of fusion 
bond coatings, a new 
technique for cladding 
metal with plastic. 


IDEAS ON WHAT’S NEW 
IN HEAT TREATMENT 
were ¢g ven by J La Shoe- 
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VEHICLE WASHING EQUIP- 
MENT was inspected by those 
attending the Vehicle Washing 
and Appearance Maintenance 
session. Co-authors R. W 
Burrill (third from right) and 
C. P. Ross (at extreme right) 
join in discussion which fol- 
lowed 
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SAE announces its INTERNATIONAL CONGRESS and 


ety of Automotive Engineers is scheduling the 

largest conclave of engineers ever assembled to 
view and to discuss ground and flight vehicles. It 
will be held next January 9-13 at Cobo Hall in De- 
troit, Mich. 

The event — to be called the SAE International 
Congress and Exposition of Automotive Engineering 
— would feature more than 500 displays by suppliers 
to the aircraft and automobile industries in the 
200,000 sq ft Exposition. 

More than 15,000 automotive engineers from all 
parts of the world are expected to be in attendance. 

SAE President Harry E. Chesebrough has pointed 
out that “What is significant about the SAE Inter- 
national Congress and Exposition is that it will 
bring together in one place and at one time the key 
engineers from the entire world, who will preview 
automotive engineering for the era ahead. 

“Engineers are casting their eyes on such sophisti- 
cated concepts as fuel cells and nuclear propulsion. 
Although these ideas sound like something out of a 
Buck Rogers section of the comics, they are getting 
serious study in scientific laboratories in research 
centers. 

“Many of these exotic engineering concepts will 
be disclosed at the Congress.” 


Fe THE 1961 SAE ANNUAL MEETING, the Soci- 
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THEME: 
“BREAKTHROUGHS IN THE 60's” 


The thirst for the latest in engineering and scien- 
tific knowledge stimulated by the mushrooming of 
engineering and research activities in the automo- 
tive industries has greatly expanded SAE’s output of 
information. Over 60 technical sessions are cur- 
rently being programmed for the Congress. 

Each branch of the Society has examined the re- 
cent advances in its field and planned one or more 
sessions on the implications of the advances for the 
next decade. This gives the Congress its theme: 
“Breakthroughs in the 60’s.” 

For example, there will be an all-day symposium 
on “How will the passenger travel in mass transpor- 
tation on 100-200 mile trips in the late 1960’s?” 
Vehicles to be considered include ground-effect ma- 
chines, monorail cars, V/STOL craft, “prepro- 
grammed people pods,” and possibly even “flying 
bicycles” and antigravitation devices ...as well as 
buses, trains, and conventional aircraft. 

Other “Breakthroughs” sessions will cover trucks 
to travel future highways, road-building equipment 
for preparing the future highways, successors to the 
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THE SCIENCE PAVILION 
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lou nge area in the center of the Exposition 
technical advances envisioned and discussed in the 
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piston engine and their effect on vehicle design, 
steels for the supersonic aircraft and other vehicles 
of the future, new nonferrous and nonmetallic mate- 
rials, and tools for “hot labs.” 

The sessions are being planned by the Society’s 15 
Activity Committees, which function under the SAE 
Engineering Activity Board. EAB Chairman Harry 
F. Barr and the EAB Executive Committee are re- 
sponsible for overall planning. They have named 
an Operations Committee to take charge of special 
events at the Congress. 


ACKERMAN HEADS OPERATIONS 


Paul C. Ackerman, vice-president of engineering 
for Chrysler Corp. will serve as chairman of the Op- 
erations Committee. Mr. Ackerman recently com- 
mented, “One of the most significant services SAE 
offers is the opportunity for interaction among ac- 
tive, creative engineering minds. Bringing together 
under one roof the 15,000 engineers and scientists 
expected at Cobo during the week of January 9-13 
promotes as never before the opportunity for cross- 
fertilization of engineering minds.” 
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SCIENCE PAVILION 


One of the highlights of this event will be the 
Science Pavilion, a noncommercial display in the 
center of the Exposition featuring examples of the 
latest technical developments in automotive engi- 
neering. It will include the X-15 experimental air- 
plane, new wheel-less vehicles that glide on a cush- 
ion of air, a model of the highway that drives your 
car for you, new engines with no moving parts, and 
exhibits of scores of more advanced devices and 
techniques. Chairman of this feature will be Alex L. 
Haynes, director, Engineering Research and Ad- 
vanced Product Study Office, Ford Motor Co. 
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PRESIDENT CHESEBROUGH SAYS 


N ANNOUNCING the SAE International Congress 
and Exposition at a recent press conference, SAE 
President Harry Chesebrough noted: 


“There is an element of great significance to en- 
gineers and to industry in the forthcoming Inter- 
national Congress and Exposition of Automotive 
Engineering. 


“The vehicles that we know, both on the ground 
and in the air, will undergo greater and faster tech- 
nical change in the next decade than ever before in 
any similar period. New knowledge which science, 
scientists, and researchers are uncovering will en- 
able the engineers who design and produce our 
ground vehicles to make these machines more ef- 
ficient, more reliable, and better suited to the trans- 
portation needs of our people. 


“What is significant about our International Con- 
gress and Exposition is that it will bring together in 
one place and at one time the key engineers from 
the entire world who will preview automotive en- 
gineering for the era ahead. 


“At Detroit’s convention center next January, we 
will bring together men with common interests from 
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countries the world over. This will provide the me- 
dium of interchange to the degree and extent which 
has never before taken place in our technical field. 

“This cannot help but accrue dividends to our 
American scientists, researchers and engineers as 
well as to the organizations with which they are 
affiliated. This cannot help but be reflected in the 
transportation vehicles which our engineers are re- 
sponsible for developing, designing, and producing. 

“It is our firm belief in SAE that the world can- 
not help but gain when we share technical informa- 
tion and fundamental knowledge. This has been the 
concept on which our Society has grown and made 
increasingly greater contributions to the technol- 
ogies represented by the term automotive engineer- 
ing. 

“The International Congress and Exposition of 
Automotive Engineering symbolizes a new approach 
to technology, and brings us to the threshold of new 
and greater accomplishments in transportation 
machines. We truly believe that the free, selfless 
exchange amongst engineers which this Congress 
and Exposition will foster, paves the way for greater 
mutual understanding.” 
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FACTS... 


... from SAE literature 


(Except where a charge is specifically 
indicated, SAE Journal will be glad to 
supply on request one copy of any of 
the pieces of SAE literature described. 
Address “Literature,” SAE Journal, 
485 Lexington Ave., New York 17, 
a. F.) 


BREAKTHROUGHS IN THE 60’s ... 
a crystal ball look through the next 
decade (orally and visually) .. . is 
what SAE is preparing for its Inter- 
national Congress and Exposition of 
Automotive Engineering in Detroit’s 
new Cobo Hall, Jan. 9-13 ‘(the 1961 
Annual Meeting). 

A just-out booklet tells how non- 
commercial exhibits in the 20,000 sq 
ft Science Pavilion will tie in with the 
15 special “breakthrough” programs 
—and of the more than 25 papers to 
be presented by overseas engineers. 
(Over 60 technical sessions are plan- 
ned, incorporating 150 papers.) 

A detailed layout of the 550 Engi- 
neering Display booths is included — 
with the cost of each booth. 

Title of the booklet: “SAE Interna- 
tional Automotive Engineering Expo- 
sition.” 


THE MOTOR VEHICLE INDUSTRY’S 
STAKE IN SAE is the title of a booklet 
which tells how industry is served 
through the SAE Cooperative Engi- 
neering Program. 


HOW TO PREPARE GOOD SAE 
TECHNICAL REPORTS is a vital 
part of the information contained in 
the recently prepared “SAE Technical 
Committee Guideposts.’ 

“Guideposts” outlines the principles 
of SAE Technical Committee opera- 
tion, and has been distributed to 
everyone on the SAE Technical Board, 
its council, and committees. It will be 
described more fully in the August SAE 
Journal. 


Zeder Cited for 37 Years in Industry 


J ames C. ZEDER and Mrs. Zeder view a plaque presented by 
Chrysler’s Vice President for Engineering, P. C. Ackerman, on behalf 
of Zeder’s “friends and associates in education, the engineering pro- 
fession, the automotive industry, and Chrysler Corp.” The inscription 
reads: “In appreciation for his humanity, devotion, judgment and 
professional skill through years of accomplishment that have last- 
ingly enriched his profession, the cause of higher education, the 
growth of his company, the stature of the automotive industry, 
and the scientific goals of his country.” 

Zeder’s retirement was occasion for a “Recognition Dinner” at De- 
troit Golf Club on April 26 . . . where 300 of his Chrysler colleagues 
and other associates gathered to honor him for his 37-year con- 
tribution to industry and education. Thirty-five of these years were 
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spent with Chrysler, where he retired from the vice-presidency on 


April 30. 


YOU'LL » « « be interested to know... 


TADAMASA YOSHIKI, A MEMBER 
OF OUR OWN SAE, is vice-president 
of the Society of Automotive Engi- 
neers of Japan, Inc. Recently he wrote 
to SAE headquarters in New York 
telling how SAE’s counterpart in Japan 
came into being. 

The story goes back to 1947, when 
Japanese automobile and aircraft fac- 
tories were inoperative and many en- 
gineers were out of work. A group of 
top-flight engineers, who met to dis- 
cuss the situation, concluded that the 
only way to keep their industry alive 
and to make their own living would 
be through a coalition of engineering 
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brains. “For this purpose,” Yoshiki 
said, ““‘we decided to make an organiza- 
tion just like the SAE in the United 
States.” 

They talked it over with an SAE 
member, Dr. Francis J. Scarr, then 
director of the Motor Transport Di- 
vision, U. S. Army, Civil Transport 
Section, GHQ in Japan, and a society 
under the Japanese name of Jidosha 
Gijutsu Kai was founded on Feb. 1, 
1947. “The Society was inaugurated, 
Yoshiki said, “under the unwavering 
principle that it would be a society of 
individuals, all officers would be chosen 
by election” —and that it would co- 
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operate with but not be influenced by 
the Government. The Japanese So- 
ciety now has 4000 members. 

First president of SAE Japan was 
Dr. G. Ashara. The founder of Toyoda 
Motors, K. Toyoda, was the second. 
Yoshiki was deputy-president for a 
period after the death of Ashara, until 
the election of N. Kusunoki, of Isuzu 
Motors ... and he was followed by M. 
Takezaki, of Daihatsu Motors. E. 
Toyoda, of Toyoda Motors, is now 
president. 

The Japanese Society holds three 
national meetings a year—in Tokyo 
in the Spring and Fall, and one (sim- 
ilar to our Summer Meeting) in a 
scenic locality. Section meetings are 
held several times a year in Tokyo, 
Nagoya, and Osaka. 
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GUARANTEED MAINTENANCE 
benefits both the manufacturer and 
owner of a vehicle, Robert Hamilton of 
Mack Trucks, Inc. stated at PHILA- 
DELPHIA SECTION. 

The manufacturer can plan mainte- 
nance and repair work, and thereby 
absorb overheads at his service station 
and obtain greater profits. 

The owner is insured against exces- 
sive costs through a fixed maintenance 
charge, is assured of maximum vehicle 
availability, and is relieved of all per- 
sonnel and supervision problems. 


THERON P. CHASE, retired, re- 
ceived a certificate in recognition of 
his 50-year membership in SAE at 
DETROIT SECTION meeting May 9. 
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Through The Sections 


NELSON H-63C ENGINE, a new 
power plant for application in a one- 
man helicopter, is the first two-cycle, 
air-cooled engine to have FAA Certifi- 
cation and to meet military specifica- 
tions. The engine, which has been 
adapted for use in Hiller and Gyrodyne 
helicopters was originally designed for 
use as auxiliary power for gliders, The- 
odore Nelson, owner of Nelson Special- 
ties, told NORTHERN CALIFORNIA 
SECTION April 27. 


TWA BOEING 707 SIMULATOR in- 
cludes over 1600 electronic tubes and 
118 miles of wiring. The simulator is 
capable of accurately reproducing sight 
effects through closed circuit television, 
actual aircraft noise, feel and accelera- 
tion, Lloyd L. Kelly of General Preci- 
sion, Inc. told KANSAS CITY SEC- 
TION May 19. 


FRAME MOUNTINGS of large, slow- 
speed engines in both stationary and 
marine applications must allow the 
base to shift under the engine to pre- 
vent the settling of concrete bases or 
torsional bending of ships from impos- 
ing stresses on engine castings, Paul J. 
Louzecky of Nordberg Mfg. Co. told 
ST. LOUIS SECTION May 2. 

He also mentioned the corrosion of 
copper-lead bearings. Oxidation of 
lubricating oil will cause it to become 
acidic, at which point it will start dis- 
solving lead in the bearings. The oil 
is tested monthly for corrosivity. Usu- 
ally it lasts from four to five years — 
the equivalent of 1,000,000 miles in a 
passenger car. 


The 1960 model Stanquelline For- 
mula I Racing Car from Italy (above) 
was one of the vehicles displayed at 
BUFFALO SECTION’S seventh an- 
nual Concourse d’Elegance meeting 
which was held May 18. 


TO PREVENT EQUIPMENT FAIL- 
URE and save money, adopt a prac- 
tical maintenance program which fol- 
lows a systematic replacement of parts 
and lubricants, L. O. Eckhardt of Mack 
Trucks, Inc. told BRITISH COLUMBIA 
SECTION April 20. 
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A STRING OF 60 TON GONDOLA 
RAILROAD CARS girdling the earth 
at the equator two and one-half times 
would be necessary to hold all the ex- 
cavation from the Saint Lawrence Sea- 
way Project, John Beukema told 
WESTERN MICHIGAN SECTION May 
3. 

At some locations the cost of exca- 
vation has raised from $0.36 to $2.50 
per cu yd, due to unforeseen difficulties 
such as blue clay miring down equip- 
ment to limestone requiring fire jets at 
4000 F and five times speed of sound 
to drill for dynamite holes. 

Beukema is a member of Advisory 
Board of Saint Lawrence Seaway Corp., 
a position appointed by President 
Eisenhower. 


PROJECT MOLOKAI is a $1,500,000 
development which will furnish aggre- 
gate for large building projects under 
construction or being planned in 
Hawaii. The development utilizes a 
sand supply located on the Island of 
Molokai sufficient to supply Hawaii for 
two or three generation, a volcanic 
cinder supply from a young mountain 
near Hale-Alono Harbor which will 
last for 40 years, and a rock supply at 
the Harbor sufficient to last for 25 
years. (Water haul from Hale-Alono 
to Honolulu Harbor is only 42 miles.) 

Nitromond, a form of commercial 
fertilizer, was used, with a small 
amount of dynamite for a primer, as a 
special blasting material to increase 
the draft permissible in the approach 
to the harbor, R. L. Muller of Honolulu 
Construction & Draying Co. told 
HAWAII SECTION May 17. 
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Sections Present Student Paper Awards 


Winners of CLEVE- 
LAND SECTION’S stu- 
dent paper contest re- 
ceive their awards 
from Section Chairman 
E. H. Scott. (Left to 
right) R. H. Teare of 
Case Institute of Tech- 
nology won first place. 
Robert L. Mentzer of 
Case and Robert N. 
Hepworth of Fenn Col- 
lege won runner-up 
awards. 


Winners of the 
annual student tech- 
nical essay contest 
sponsored by 
WESTERN MICHI- 
GAN SECTION are: 
(back row, left to 
right) Donald J. 
Sabourin and Wil- 
liam T. Withey of 
Aquinas College, 
Jack C. Olthius and 
Jonathan E. Nibbe- 
link of Calvin Col- 
lege, (front) Ray- 
mond Boven and 
Richard L. Boulard 


of Grand Rapids Junior College, and Marlin G. Bensinger and Robert C. Ander- 


son of Muskegon Community College. 


THE MAC 
SH ORT 
AWARD was 
presented to 
Elliott D. 
Brown of Cali- 
fornia Poly- 
technic College 
for his paper 
“Design, Con- 
struction and 
Testing of 
a Regenerator 
For A_ Solar 
Mars Gas Tur- 
bine’’ at 
SOUTHERN 
CALIFORNIA 


SECTION Brown 


Mrs. Short Melia Landers 


May 9. The presentation was made by Mrs. Mac Short and Richard Short, widow 


and son of Mac Short. 


Four students papers were submitted in the competition. The other three stu- 
dents, who were introduced in recognition of their outstanding work, were: 
Charles L. Landers, Northrup Institute of Technology; Peter F. Melia, California 
Polytechnic College; and Ross D. McKown, Loyola University. 
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ROY T. HURLEY has retired as 
chairman, president, and director of 
Curtiss-Wright Corp., “at his own re- 
quest in order to devote his entire at- 
tention to the development of new 
products.” 


EDWARD F. BURTON has been 
named vice-president of engineering 
at Douglas Aircraft Co., Inc. He is suc- 
ceeding ARTHUR E. RAYMOND who 
retired June 1. 

A Douglas veteran of 35 years, Bur- 
ton has had a key role in the design of 
every plane in the DC series. He was 
most recently vice-president, engineer- 
ing, transport aircraft systems. 


ARTHUR W. JUDGE, author of nu- 
merous books on internal-combustion 
engines, has recently had published a 
new volume, ‘“‘Small Gas Turbines and 
Free-Piston Engines.” It deals with 
gas turbines ranging from the smallest 
models of 30-40 bhp up to 1000-1500 
bhp, but with the emphasis on engines 
of medium output. The book covers 
many applications of these turbines — 
other than aircraft—with a whole 
chapter devoted to automobile gas tur- 
bines. There are also chapters on the 
free-piston-turbine engine, combustion 
and fuel systems, and materials for gas 
turbines. The 328-page volume is pub- 
lished by Macmillan, New York, price: 
$10. 


EDWARD N. COLE, a vice-president 
of General Motors Corp., and general 
manager of Chevrolet Division, has 
been named co-chairman for chapter 
solicitation of the 1960 Torch Drive. 
He will organize, train and direct vol- 
unteer workers in five solicitation units 
which traditionally raise between 80 
and 90% of the Torch Drive total. 


GEORGE J. HUEBNER, JR., execu- 
tive engineer for research at Chrysler 
Corp.’s Engineering Division, has been 
elected president of the Chrysler In- 
stitute’s board of trustees, succeeding 
JAMES C. ZEDER. 

Huebner’s new responsibilities will 
be in addition to his duties as head of 
the research section. He has served 
since 1947 on the Institute’s board of 
trustees and board of administration. 

The board of trustees also elected 
two new trustees: ALAN G. LOOF- 
BOURROW, director of engineering, 
and ERNEST P. LAMB, executive en- 
gineer for administration. 

Continuing as trustees are: P. C. 
ACKERMAN, vice-president of engi- 
neering, L. R. BAKER, director of the 
Institute, H. E. CHESEBROUGH, cor- 
porate vice-president and _ general 
manager of Plymouth-De Soto-Valiant 
Division, and Huebner. 


J. C. GENIESSE retired last month 
as Manager, product development and 
technical services, Atlantic Refining 
Co., Philadelphia. He is now on an 
extended trip through Europe, during 
which he attended the Passion Play at 
Oberammergau late in June. When he 
returns, he will live in Collegeville, Pa., 
where he purchased a home several 
years ago. 

Geneisse has been active in SAE 
and CRC throughout his career, and 
has held many posts of responsibility 
in both organizations. He is a past 
SAE Director and a past Chairman of 
Philadelphia Section. 


FRANK W. WYLIE, director of pub- 
lic relations for Dodge Division, Chrys- 
ler Corp., has been elected chairman 
of the Motor Truck Public Relations 
Committee of the Automobile Manu- 
facturers Association. 
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ALAN G. LOOFBOURROW, direc- 
tor of engineering for Chrysler Corp., 
received the Benjamin G. Lamme 
Medal June 10 during Ohio State Uni- 
versity’s commencement exercises. 
The award has been presented an- 
nually since 1931 to a graduate of the 
university for “meritorious achieve- 
ment in engineering or the technical 
arts.” 


W. C. NEWBERG, president of 
Chrysler Corp., has announced the 
consolidation of corporate manufactur- 
ing staff and services and related 
activities under B. W. BOGAN, vice- 
president. JOHN E. BRENNAN, vice- 
president, corporate manufacturing 
staff and services, with responsibility 
for manufacturing engineering, indus- 
trial engineering, quality control, in- 
ter-plant transportation and plant 
protection, will report directly to 
Bogan, who will continue to direct pur- 
chasing and supplier relations, and 
organization, and general staff opera- 
tions. 


J. CHASE FIELDING, a past chair- 
man of Washington Section, has been 
named a vice-president of Airaterra. 
Long active in the aircraft and missile 
field, he is manager of Airaterra’s Gov- 
ernment Division with headquarters in 
Wash., D. C. He was named to the 
Airaterra Board of Directors last year. 


JOHN C. HOLLIS, manager, Admin- 
istrative Division at SAE headquarters, 
will serve as student advisor for the 
1960 Third Year Fundamentals Course 
of the Institute of Organization Man- 
agement’s mid-summer session at Syra- 
cuse University, July 31 through Aug. 6. 

The third-year Fundamentals Course 
serves as a bridge from fundamental 
“know-how” courses to the Advanced 
Management Studies, where greater 
stress is placed on principles in prac- 
tice. 


JAMES K. MARECHAL, JR. has 
been named executive vice-president of 
Management Directors Co. Formerly 
he was director of special projects for 
Warner Technical Publications, Inc 

Marechal is currently working on the 
formation of a scientific and engineer- 
ing company which will be called Ga- 
layie Scientific & Engineering Co. 


E. W. FULLER has been appointed 
manager of special products division 
at Lockheed Aircraft Corp.’s Georgia 
Division. Fuller joined Lockheed’s 
Georgia Division in 1955. His initial 
assignments were in the preliminary de- 
sign and operations research divisions. 
Later, he became directing staff engi- 
neer of ground support equipment and 
maintenance design staff. 


DONALD H. SPICER has become 
president of Spicer Sales, Inc. Previ- 
ously he was vice-president of sales for 
Ferry Cap & Screw Co. 
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N. C. Barnard 
Wins Lacrosse Honor 
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NORRIS C. BARNARD was 
elected to the Lacrosse Hall of 
Fame last February .. . the 
19th man to be so honored. 

Barnard’s lacrosse career 
spans more than 20 years and 
six organizations. He played 
three years at Swarthmore 
and managed the team for 
one. He played seven years 
with Crescent Athletic Club in 
Brooklyn and was captain of 
the team one year. Then fol- 
lowed two years with Philadel- 
phia Lacrosse Club; six years 
with Penn Athletic Club (cap- 
tain one year); and three years 
with Montclair Athletic Club 
in New Jersey ‘(captain one 
year). 

Barnard is also actively in- 
terested in the U. S. Power 
Squadrons, an association of 
some 50,000 yachtsmen and 


others interested in promoting high standards of navigation and sea- 


manship. 


He has been with Esso Standard Oil Co. since 1935 — and is presently 


manager of Shallow Draft Marine Sales. 


CHARLES 8S. WAGNER, executive 
assistant to executive vice-president, 
has been named assistant general man- 
ager of Georgia Division of Lockheed 
Aircraft Corp. 


DONALD R. MENTLIKOWSKI has 
joined FWD Corp. as senior designer. 
Formerly he was mechanical engineer- 
ing analyst for Research Designing 
Service. 


EUGENE V. GRUMMAN, chief engi- 
neer of Bullard Co., spoke on “High- 
Quality” — thru— “People in Quality 
— Quality in People” at the 14th An- 
nual Convention of American Society 
for Quality Control which was held in 
San Francisco, May 24-26. 


MEL GORDON has become presi- 
dent of Standard Batteries, Inc. Pre- 
viously president of Mel Gordon Gen- 
eral Tire Co., he has sold his interest 
to General Tire & Rubber Co. 


A. E. JOHNSTON has become de- 
fence production officer for the Cana- 
dian Department of Defence Produc- 
tion with headquarters at Wright- 
Patterson Air Force Base. Formerly 
he was associated with Avro Aircraft, 
Ltd. 

Continued 


He joined the Society in 1937. 
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Teetor Honored by 
Pennsylvania Alumni 


SAE PAST PRESIDENT 
RALPH R. TEETOR, director 
and former president of Pef- 
fect Circle Corp., received the 
“Man of the Year” award 
from the University of Penn- 
sylvania Alumni Club of In- 
diana. 

The award was made at a 
dinner April 20 honoring Dr. 
Harnwell, president of the 
University. 

Commenting on the award, 
Harnwell stated, “It is the 
stature of men like him 
which lends continuing dis- 
tinction to the University of 
Pennsylvania.” 
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ROBERT L. SUTHERLAND, profes- 
sor of mechanical engineering at the 
University of Wyoming since 1958, has 
been named head of the University’s 
mechanical engineering department. 


E. L. LUDVIGSEN, president of 
Fuller Mfg. Co., has been elected to the 
board of trustees of Tri-State College, 
Angola, Ind. 


MARVIN WHITLOCK has _ been 
named senior vice-president for opera- 
tions and maintenance at Capital Air- 
lines, Inc. He will assume his new post 
in addition to his present position as 
senior vice-president for maintenance 
and engineering. 


MARK J. O'CONNELL has become 
manager of Standard Products Division 
of Old Dominion Iron & Steel Corp. 
Previously he was sales manager of 
Heat Exchange Division for Young 
Radiator Co. 


H. G. TOWNSEND has been ap- 
pointed assistant to the manager at 
AiResearch Mfg. Co. Previously he 
was employed by Thompson-Ramo- 
Wooldridge, Inc. as manufacturing 
manager of their West Coast Division. 


JAMES SHELBY BOWRON has be- 
come a partner for Black-Bowron In- 
vestment Co. Previously he was vice- 
president of Dixie Drive It Yourself 
System. 


H. FLETCHER BROWN has joined 
Lockheed Aircraft Service as vice- 
president and assistant to president. 
Previously he was assistant general 
manager of Georgia Division, Lockheed 
Aircraft Corp. 


NORMAN E. JANKE has become 
senior designer for Chevrolet Motor 
Division at GMC Engineering Center. 
Formerly he was supervisory engineer 
for Ainsworth-Precision Castings Co. 


BRUCE G. BOOTH of General Mo- 
tors Corp.’s legal staff has been elected 
chairman of Committee on Vehicle 
Regulation of Automotive Manufac- 
turers Association. 


GEORGE V. MERCER, formerly 
field representative in Chicago, is now 
regional manager of field engineering 
with headquarters in Kansas City for 
Lord Mfg. Co. 


WILLIAM J. COLSON has become 
manager of Defense Products Division 
at Brunswick Corp. Formerly he was 
factory manager for Brunswick-Balke- 
Collender Co. 


J. A. JOYNER has become manager 
oftechnical service for Cummins Engine 
Co., Inc. Previously he was chief en- 
gineer for Curtiss-Wright Corp.’s Utica 
Division. 


WILLIAM EARL SMITH, formerly 
employed by Sargent Engineering 
Corp., has joined the staff of Hydraulic 
Research & Mfg. Co. in Burbank, Calif., 
as application and sales engineer. 


ALAN BOTT, formerly axle engineer 
in Fort Wayne, is now sales engineer 
in Toledo for Dana Corp. 


ANDREW J. GREGA has joined 
Acoustica Associates as senior elec- 
tronic engineer. Formerly he served 
Stellardyne Laboratories, Inc. as staff 
engineer. 


JOE D. WILSON has been appointed 
mechanical engineer for Hercules Pow- 
der Co. Previously he was a mechani- 
cal engineer for the U. S. Navy Civilian 
Service. 


F. W. MELLOR, JR. has been ap- 
pointed field sales manager for Good- 
year Aircraft Corp. Formerly he 
served Goodyear as manager, Manu- 
facturers Products Division, customer 
relations. 


GEORGE E. TUBB has been named 
director of marketing at Electro-Tec 
Corp. Formerly director of marketing 
at Laboratory for Electronics, Boston, 
Tubb was a management and market- 
ing consultant immediately prior to 
joining Electro-Tec Corp. 


OTTO R. LAST has joined Petti- 
bone-Mulliken Corp. as industrial sales 
representative. Previously he served 
Amphenol Borg Electronics Corp. as 
industrial engineer. 


W. E. BURNETT has been named 
manager of Hull, Powertrain, and Sus- 
pension Department, Ford Motor Co. 
His former position was manager of 
Engine Department, M-E-L Division. 


HENRY G. HOWELL, formerly me- 
chanical engineer for Lockheed Air- 
craft Corp.’s Georgia Division, is now 
engineer and writer for Lockheed’s 
Missile Systems Division. 


MATHEW D. GARRED, JR., previ- 
ously an engineer for General Electric 
Co.’s Jet Engine Department, is now 
an engineer at their Locomotive and 
Car Equipment Department. 


HENRY HAROLD HART has joined 
the Kansas City Water Department as 
civil engineer. Previously he was proj- 
ect engineer for Westinghouse Electric 
Corp. 


T. D. STAY, technical advisor for 
Reynolds Metals Co., received The 
Joseph S. Seaman Gold Medal Award 
from the American Foundrymen’s So- 
ciety at their Annual Banquet May 11 
held during the 64th AFS Castings 
Congress and Exposition at the Hotel 
Sheraton in Philadelphia. 
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EDWARD F. HANNON has become 
chief engineer for Precision Castings 
Co., Fayetteville, N. Y. Division of Pre- 
casco Corp. Previously he was assist- 
ant chief development engineer at 
Ainsworth-Precision Castings Co. 


R. J. SCHNELIER has joined Rohn 
Drye & Associates, Inc. as consulting 
engineer. Previously he was assistant 
base engineer at the Columbus Air 
Force Base in Miss. 


ALLEN R. STOKKE has been ap- 
pointed branch manager at Detroit for 
Garrett Corp. Formerly he was senior 
sales engineer in Dayton, Ohio. 


LORING F. NIES has become project 
engineer for Dresser Mfg. Division of 
Dresser Industries. Formerly he served 
Chrysler Corp.’s Engineering Division 
as senior studio engineer. 


GEORGE ROBERT WILLIAMS, pre- 
viously structures engineer for North 
American Aviation Corp., is now sales 
engineer at Heliport Division of Beck- 
man Instruments, Inc. 


JOEL H. LEET has joined the Chey- 
enne Division of Electro-Mechanical 
Systems, Inc. as field supervisor. Pre- 
viously he was associate engineer for 
Douglas Aircraft Co., Inc. 


K. G. WILLIAMS has become devel- 


opment engineer, engine at Willys Mo- 
tors, Inc. Previously he served Ford 
Motor Co. as unit supervisor, product 
study vehicles. 


KENNETH P. BOWEN has joined 
The Martin Co. as director of their 
Manufacturing Division. Previously he 
was vice-president of manufacturing at 
Northrop Aviation Corp. 


DAVID RAY COOK has joined the 
Convair Division of General Dynamics 
Corp. as design engineer. Previously he 
was associate engineer for Douglas Air- 
craft Co. 


DAVID H. EDWARDS is now experi- 
mental engineer for Willys Motors, Inc. 
Formerly he was product engineer for 
Ford Motor Co., Transmission and 
Chassis Division. 


PHILIP H. FRYBERGER has be- 
come research and development staff 
assistant at the Wright Patterson Air 
Force Base, U. S. Air Force. Formerly 
he was staff engineer for Breeze Corp., 
Inc. 


HARRISON T. PRICE has become 
operations manager for Chevrolet- 
Cleveland Transmission Division of 
General Motors Corp. Previously he 
was general superintendent of produc- 
tion at Chevrolet Motor Division. 
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MURRAY K. SIMKINS has been ap- 
pointed editorial director of all publi- 
cations at National Market Reports, 
Inc. and executive editor of Automotive 
Services Digest. 

Simkins was most recently program 
co-ordinator for Jam Handy Organiza- 
tion. Prior to that he served Chilton 
Publications for a number of years. 


EDWARD A. HAAS has joined the 
staff of Automotive Shop Equipment, 
Inc. Since 1928 he had been on the 
staff of Ballou & Wright Co. in Port- 
land, Ore. The company closed its 
Portland warehouse in April. 

Haas is past chairman of SAE Ore- 
gon Section. 


E. J. HARDIG, chief engineer for the 
Automotive Division of Studebaker- 
Packard Corp., has been appointed a 
vice-president of the division. 


MERRILL A. HAYDEN, general 
manager of Machinery Hydraulics Di- 
vision at Vickers, Inc., has been elected 
a vice-president of the company. 


T. JOSEPH KEANE has been named 
sales manager of Automotive and Aero 
Equipment Division of Russell Mfg. Co. 
He had been sales engineer for the di- 
vision since 1952. 


JOHN P. HENSON, who since April 
1959 has been sales engineer in charge 
of Ford Motor Co. account for Dana 
Corp., has been named sales manager 
of their Universal Joint Division. 


R. WILLIAM TROXEL has been ap- 
pointed sales engineer, Industrial Divi- 
sion, Imperial Brass Mfg. Co. Previ- 
ously he was Midwest district sales 
manager for Flexonics Corp. 


JOHN C. WALTER has been named 
manager of manufacturing for Cum- 
mins Engine Co., Inc. Previously he 
served Cummins Engine Co., Ltd. in 
Scotland as chief engineer. In this ca- 
pacity he assisted in the organization 
and initial operations of the Cummins’ 
subsidiary manufacturing plant. When 
he left Scotland, S. B. HARTSHORNE 
succeeded him as chief engineer. 

Walter’s new responsibilities include 
management of production engine test 
and final assembly operations, and the 
integration of these operations into a 
new test and assembly facility. 


W. MASON WILLIAMS has been ap- 
pointed general manager of Utica Drop 
Forge & Tool Division of Kelsey-Hayes 
Co. Formerly he was manufacturing 
manager of Tapco Group of Thomp- 
son-Ramo-Wooldridge, Inc. 

— continued — 
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CHARLES E. BARBY has been ap- 
pointed sales manager of the newly- 
established Detroit regional office of 
Fiber Glass Division of Pittsburgh 
Plate Glass Co. In this capacity he 
will direct sales operations for Detroit, 
Cleveland, Cincinnati, and Buffalo dis- 
trict offices, in addition to continuing 
as manager of automotive sales. 


JAMES F. MacHOLL has been ap- 
pointed vice-president of engineering 
for Automotive Division of Electric 
Storage Battery Co. Previously he 
was director of engineering. 


ARLING H. JENSEN, chief service 
engineer for Sealed Power Corp., spoke 
June 2 at the Automotive Engine Re- 
builders Association convention on 
“Abrasive Wear —Identification and 
Prevention.” 


E. L. ASCH has been appointed di- 
rector of sales training for Vickers, 
Inc. Previously he was in charge of 
the company’s Houston, Tex. sales of- 
fice. He has had 20 years of experi- 
ence with Vickers, including both en- 
gineering and sales responsibilities. 


HARRY WILLIAMS, vice-president 
in charge of sales for Automotive and 
Aircraft Division, American Chain & 
Cable Co., Inc., has been elected a 
member of the board of directors. 


J. C. BLACK has been appointed 
manager of automotive products at 
Thermoid Division of H. K. Porter Co., 
Inc. He will direct activities for auto- 
motive friction, rubber and hydraulic 
brake parts, and will have adminis- 
trative responsibility for design, manu- 
facture, performance, price and promo- 
tion of automotive products. 

Previously he was product manager 
of heavy duty friction. 


J. BRENT MALIN has become divi- 
sion head for E. I. du Pont de Nemours 
& Co. with headquarters in Wilming- 
ton, Del. In this capacity he will 
translate technical information into a 
form which is useable for the com- 
pany’s Sales Division. Formerly he 
was technical manager for western 
region. 


ROBERT L. PONS has joined the 
Defense Systems Division of General 
Motors Corp. as project Aerodynamics 
Engineer. Formerly he served Convair 
Division of General Dynamics Corp. as 
propulsion specialist. 


CHARLES SUTTON has been named 
manager of product development for 
Imperial Brass Mfg. Co. He had been 
sales manager of Arrow Tools. Inc., 
since 1958. For six years prior to that 
he served Weatherhead Co. 


JOHN J. UNGER has joined Electro- 
Kinetics, Inc, as sales engineer. For- 
merly he was product engineer of Hot- 
point Co., Division of General Electric 
Co. 


HAROLD W. OTT is now sales engi- 
neer and district representative at 
Baltimore, Md. for J. I. Case Co. Pre- 
viously he served them as assistant 
service manager in Racine, Wis. 


GERALD A. PETERSON has been 
appointed director of industrial engi- 
neering at Westinghouse Airbrake Co. 
He will be concerned with technical 
phases of manufacturing and will as- 
sist in the development of cost reduc- 
tion programs. 

Previously he has served Ford Motor 
Co. in various supervisory capacities. 


E. CLAUDE JETER, manufacturing 
manager, Foundries, Engine & Foundry 
Division of Ford Motor Co., has been 
elected a national director of the 
American Foundrymen’s Society. 


THOMAS B. WAKELAND has be- 
come resident manager in Japan for 
Hoover International, Inc. Formerly 
he was regional sales engineer in Mil- 
waukee for Hoover Ball & Bearing Co. 


HAROLD C. STONE has been named 
director of American Steel Treating 
Co.’s metallurgical laboratory. For- 
merly he was chief metallurgist for 
LeTourneau-Westinghouse Co. 


S. BABCOCK has become assistant 
manager of space systems for Hughes 
Aircraft Co. His previous position was 
West Coast corporate representative 
for Republic Aviation Corp. 


JOSEPH F. LEWIS, previously me- 
chanical engineer for Bendix Misha- 
waka Division of Bendix Corp., is now 
mechanical project engineer at Halli- 
crafters Co., Inc. 


H. T. HOKANSON has become man- 
ager of special projects at General 
Electric Co.’s Missile and Space Vehi- 
cle Department. Formerly he was 
manager of engineering for their Small 
Aircraft Engine Department. 


HENRY Y. RUBY is now president 
of Empire Chevrolet, Inc. Previously 
he was vice-president of Atlas Lift 
Truck Rentals & Sales, Inc. 


W. S. GRIPMAN has joined Cater- 
pillar Tractor Co. as field representative 
in Florida. Previously he was sales en- 
gineer for General Electric Co. 


JOSEPH R. GILLETTE has become 
principal design engineer at Ford Mo- 
tor Co. Formerly he was concerned 
with product planning at their Lin- 
coln-Mercury Division. 
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MAURICE W. BOLSTER, previously 
assistant manager, is now manager of 
Industrial Products Division of Shell 
Oil Co. 


BEN E. PAPPE has joined Steakley 
Brothers Chevrolet Co. in the capacity 
of service manager. 


RICHARD G. KLEIN has joined the 
Kawneer Co. as project engineer for 
mechanisms research. Previously he 
was project engineer for Sunstrand 
Aviation Corp. 


JAMES MICHAEL MARZEN, for- 
merly test and development engineer 
Chrysler Corp., is now automotive en- 
gineer at Standard Oil Co. of Indiana. 


DUANE SHAW is now assistant chief 
engineer of The Rucker Co., Oakland, 
Calif. Previously he was senior project 
engineer. 


WESLEY S. HARJALA, previously 
product development engineer at Ford 
Motor Co., is now liaison engineer for 
McCulloch Corp. 


ARNOLD FINK, formerly an engi- 
neer for Esso Research & Engineering 
Co., is now an engineer for Aerojet- 
General Corp. 


GILBERT L. WOLF has joined In- 
ternational Business Machines Corp. as 
planning representative. Formerly he 
served The Martin Co. as senior me- 
chanical engineer. 


HUGH S. ROBINSON has become 
president of Robinson Mfg. Co. For- 
merly he was chief engineer for Chi- 
cago Printed String Co. 


Obituaries 


DWIGHT E. AUSTIN ... (M’38) ... 
owner, Dwight Austin & Associates... 
died April 11... born 1897... de- 
signed Nite Coach & Buffet Parlor Car 
for Pickwick Coach Co., Greyhound 
Bus for Yellow Truck & Coach, and 
Post War Coach for Twin Coach. 


SYDNEY BEVIN ... (M’14) ... re- 
tired mechanical engineer for Rider 
Ericssen Engine Co... . died May 29 

.. born 1885 ... former mayor of 
Aashroken Beach, Long Island. 


LAWRENCE W. FISCHER 
(M’19) . . . executive sales engineer, 
Bendix Products Division, Bendix Corp. 
... died March 25... born 1895. 


HANS WOLFRAM SACK ... 
.. . chief engineer in charge of field 
test at Rheinstahl-Hanomag in Han- 
nover, Germany ... died May 16... 
born 1929. 


(M’'54) 
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SAE Members Say: 


THOMAS V. JONES, of Northrop Corp., 


Says 


Technology’s Objective Must 


\\ "PECHNOLOGY’S tradi- 

tional objective — maxi- 
mum possible performance — 
must be converted to a more 
sophisticated goal, namely, 
performance adequate for the 
accomplishment of a mission 
objective at the lowest possi- 
ble cost,” Thomas V. Jones, 
president of Northrop Corp., 
said in a recent issue of The 
General Electric Defense 
Quarterly. 

“It should be emphasized,” 
he stated, “that technology 
must provide the high per- 
formance needed to accom- 
plish a particular mission. The 
higher challenge to technology 
is to enlarge its concept in a 
way that makes its objective 
not the weapon but the mis- 
sion. The mission problem 
must be considered in the con- 
texzt of the total defense pos- 
ture. Instead of addressing it- 
self solely to increased weapon 
performance it must begin to 


RALPH H. ISBRANDT, of American Motors Corp., 


Says 


Change 


think in terms of providing (1) 
a force effectiveness which (2) 
will perform a given mission at 
(3) a cost which does not pre- 
clude the performance of other 
essential missions. This ap- 
proach requires that technol- 
ogy develop hand in hand with 
concept, and that both be 
measured not only in terms of 
physical effects but also in 
terms of their demand on re- 
sources. Its success will de- 
pend on the development of 
fundamental solutions to mis- 
sion problems. 

Technology, instead of 
merely providing a solution for 
a given concept, must itself 
give birth to the concept. We 
must cultivate a new combi- 
nation of conceptual thinking, 
technical research and the 
most effective use of resources. 
It will take the free interac- 
tion of these three elements 
to create the new kinds of so- 
lution we need.” 


Vehicle Size Will Be 


*- 

“aN 

\\ 3" HE SIZE OF THE VEHI- 
CLE is likely to be re- 


duced in the overall (in the 
coming decade),” Ralph H. 
Isbrandt, director, automotive 
engineering and research, 
American Motors Corp., said 
at the 8th Highway Transpor- 
tation Congress in Washing- 
ton, D. C. 

“Even the non-compacts,” he 
said, “are growing somewhat 
smaller externally, responding 
to traffic flow, parking and 
congestion needs. The func- 


Reduced 


tional trend will obviously re- 
duce overhang 

Perhaps the earliest im- 
provement we may see will 
come in signal systems — for 
example, the possible separa- 
tion of the turn signal and 
stop lights, to insure more 
positive communication of the 
driver’s intention.” 
“Isbrandt is chairman of 
AMA Engineering Advisory 
Committee and was 1959 chair- 
man of SAE Technical Board. 





Almen Works 
Collected by 


Brigham Young 


University 


cf 


COOPERATIVE 


SPECIAL collection of papers and 

reports by J. O. Almen, organizer 
and first chairman of the SAE Iron and 
Steel Technical Committee’s Division 
20, Mechanical Prestressing of Metals, 
has been instituted by Brigham Young 
University, according to Prof. W. M. 
Beebe of BYU. Beebe made the an- 
nouncement at the May 16-18 Division 
20 meeting in Colorado Springs which 
was attended by 50 metallurgists and 
engineers from all over the U.S. The 
collection will consist of Almen’s papers 
and reports on metal stresses, fatigue, 
and shot peening as well as a set of his 
famous fatigue failure specimens. 
Many of these works have been pre- 
sented at SAE meetings. 

Almen, who headed Mechanical En- 
gineering at GM’s Research Laborato- 
ries at the time of his retirement, was 
present at the Division 20 meeting when 
the announcement came. His partici- 
pation in ISTC work extends over two 
decades. Almen now leads an active 
life in Sierra Madre, Calif. 


ENGINEERING 


Nei 


PROGRAM 


Other events of the 242day-meeting 
were: 

e A surface rolling symposium cov- 
ering application, theory, stress cal- 
culations, tooling, control and inspec- 
tion, effects of rolling and other 
prestressing. 

e A forum on choosing the optimum 
method, intensity and coverage of me- 
chanical prestressing. 


eA technical session on new shot 
materials, shock forming, explosive 
peening, and surface conditioning by 
vibration. 

e The regular biennial meeting of Di- 
vision 20 where a subcommittee was 
created to develop a uniform classifica- 
tion system for materials used for shot 
peening and blast finishing. Howard 
Kulas, Cleveland Metal Abrasive Co., 
was named chairman of the new group. 

G. F. Bush, Ford Motor Co., and R. H. 
Briggs, Eaton Mfg. Co., were unani- 
mously re-elected Division 20 chairman 
and vice-chairman, respectively. 


A GOLDEN ANNIVERSARY YEAR EVENT of the SAE Iron and Steel Technical Committee was a 22-day meeting of ISTC Division 20 — Me- 


chanical Prestressing of Metals. 


Held at the Broadmoor Hotel, Colorado Springs, Colo., the meeting was attended by 50 metallurgists and engineers 


from all over the U. S. (See Almen story above.) In first row from left to right are: C. W. Cable, G. J. Gaudaen, J. G. Roberts, F. W. Smiley, 
R. S. Kormarnitsky, Allyn Stillman, L. A. Campana, R. F. Brodrick, and W. D. Starrett. 

In second row from left: H. J. Noble, E. W. Hawkinson, R. H. Briggs, Prof. W. M. Beebe, Division 20 Chairman G. F. Bush, J. O. Almen, J. C. 
Straub, D. J. Wulpi, H. O Fuchs, and H. R. Neifert. 

In third row are (from left): J. L. Oberle, R. D. Behr, J. A. Main, W. J. Fuhrman, unidentified, J. E. Silvis, T. E. Eagon, George McNeile, R. M. 
Sahwiler, J. J. Repko, G. A. Butz, R. E. Harvie, H. D. Nagel, F. J. Crowley, Austin Phillips, R. W. Olsen, and N. E. Faas. 


116 SAE JOURNAL, JULY, 1960 





1960 


@ August 16-19 
National West Coast Meeting, Jack Tar Hotel, San Francisco, Calif. 


@ September 12-15 
National Farm, Construction and Industrial Machinery Meeting 
(including production forum and engineering display) , 
Milwaukee Auditorium, Milwaukee, Wis. 


@ October 10-14 


National Aeronautic Meeting (including manufacturing forum and 
engineering display) , The Ambassador, Los Angeles, Calif. 


@ October 25-27 
National Transportation Meeting, Hotel Leamington, 
Minneapolis, Minn. 


@ October 31—November 2 
National Powerplant Meeting, Sheraton-Cleveland, Cleveland, 
Ohio. 


@ November 2-4 
National Fuels and Lubricants Meeting, The Mayo, Tulsa, Okla. 


1961 


@ January 9-13 
SAE International Congress and Exposition of Automotive Engi- 
neering, Cobo Hall, Detroit, Mich. 


@ March 13-17 


National Automobile Week (including National Production Meet- 
ing), The Sheraton-Cadillac, Detroit, Mich. 


@ April 4-7 


National Aeronautic Meeting (including production forum and 
engineering display) , Hotel Commodore, New York, N. Y. 


@ June 4-9 
Summer Meeting, Chase-Park Plaza, St. Leuis, Mo. 
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finest engines 
in the 
2 to 5 hp. class 


Specify a power plant that matches 
the quality you’ve built into your 
portable equipment. West Bend’s air- 
cooled, 2-cycle engines are carefully 
engineered and thoroughly tested to 
Provide top performance and cus- 
tomer satisfaction. A wide range of 
factory tested optional equipment 
lets you tailor the engine to your 
exact needs. 


ee steel 


crankshaft 


Carburized and hard- 
ened. Bearing and 
seal surfaces are 
Precision ground 

and super- 

finished. 


Anti-friction 


bearings 
Crankshaft has ball bearing on 
drive end; roller bearing at 
magneto end. Rod has roller 
bearings at both ends. 


SPECIFICATIONS 

TYPE Horizontal or vertical mounting; 
air-cooled; 2-cycle, clockwise or counter- 
clockwise rotation (at drive end). 
MODELS 
SERIES 390 Displacement 3.9 cu. in. 
Rated horsepower 1.6 at 4000 rpm. 
SERIES 580 Displacement 5.8 cu. in. 
Rated horsepower 4.0 at 4500 rpm. 
SERIES 700 Displacement 7.0 cu. in. 
Rated horsepower 5.0 at 4500 rpm. 
IGNITION Wico flywheel type magneto. 
FUEL SYSTEM Float feed carburetor is 
standard; diaphragm type carburetor 
with integral fuel pump is optional. 
VALVES Reed type; corrosion resistant. 
FOR MORE INFORMATION 

Write for colorful illustrated catalog 
on West Bend’s complete line of Power 
Bee engines. Ask about the test en- 
gine program. 


WEST BEND ALUMINUM CO. 
Dept. 1415, Hartford, Wisconsin 
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One in a series of technical reports by Bower 
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ROLLER GUIDANCE- 
VITAL FACTOR IN BEARING LIFE 


Roller guidance has been estab- 
lished by the Anti-Friction Bearing 
Manufacturers Association as a 
major rating factor for roller bear- 
ings. There is a direct relationship 
between this factor and the life and 
capacity of a cylindrical roller bear- 


ing under load. 


Figure 1 illustrates the results of a loose 
fit between a roller and the guiding ribs 
of the raceway. Because of lack of 
guidance by the ribs, the roller is free 
to skew and skid under load. Such a 
condition invariably leads to early 
bearing failure. 


To achieve close roller fit and proper 
roller guidance, Bower precision grinds 
each bearing race on specially designed 
centerless grinders. In this operation, 
Bower positions the integral raceway 
ribs from the theoretical centerline of 
the bearing. This method produces 
bearings with high dimensional accu- 
racy and perfect symmetry. 


RACEWAY 


(—) 


INTEGRAL 
RIBS 


Fig. 1. Loose fit in raceway means poor roller 
gvidance. Roller can skew and skid under load. 
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In addition, the close tolerances held in 
grinding the roller track and integral 
guiding ribs give Bower cylindrical 
roller bearings the ability to take thrust 
in any direction. A Bower cylindrical 
roller bearing has thrust capacity of 


REGULATING 

ROLL 
BEARING 
RACE GRINDING 
WHEEL 


TOP VIEW 


SUPPORT 
ROLL 


FIG. 2 
from 10-15% of its rated radial 
capacity! 

Figures 2 and 3 diagram the centerless 
grinding method used to finish Bower 
raceways. Use of this technique assures 
not only optimum roller guidance and 
maximum bearing life, but also virtu- 
ally eliminates bearing runout. BEAR- 
ING SYMMETRY WHICH RE- 
SULTS FROM THIS TECHNIQUE 
PERMITS ACCURATE SHAFT LO- 





CATION REGARDLESS OF HOW 
THE OUTER RACE AND ROLLER 
ASSEMBLY ARE INSTALLED. IT 
COMPLETELY ELIMINATES THE 
POSSIBILITY OF IMPROPER 
INSTALLATION. 


BEARING 
RACE 


GRINDING 





zs: 2 @ 


Whatever your bearing needs, we sug- 
gest you consider the advantages of 
Bower bearings. Where product design 
calls for tapered or cylindrical roller 
bearings or journal roller assemblies, 
Bower can provide them in a full range 
of types and sizes. Bower engineers are 
always available, should you desire 
assistance or advice on bearing appli- 
cations. 





6B OWE Fe ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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Solving Problems 
Of Rendezvous in Space 


JOHN C. HOUBOLT 
HE ASCENT of a satellite or space 
ferry so as to make a soft contact 

with another satellite or space station 

already in orbit is a problem of rendez- 
vous in space. There will be personnel 

or supplies to be transferred from a 

ferry vehicle to a space station. A 

complete mission will have injection, 

approach, terminal, and acquisition 
phases, and errors in such quantities as 
velocity, altitude, and orbital inclina- 
tion will exact penalties 

These matters are discussed in this 

paper, which presents the results of a 
study, the primary aim of which was 
to evaluate fuel consumption levels as- 
sociated with various corrective maneu- 
vers, and to determine the times that 
are suitable for initiating the rendez- 
vous operation. The author gives 
equations for solving these problems 
and the paper is illustrated with dia- 
grams. 


ae order Paper No. 175A .. . 


TRITIUM Tags Clock 
Lube Oil Consumption 


E. S. STARKMAN 


RITIUM TAGGING of the lubricat- 

ing oil in an engine and scintilla- 
tion counting of the resulting water of 
combustion make a safe, reliable 
method for determining lubricating oil 
consumption, recent studies indicate. 

Application of this method to a brief 
CFR single-cylinder engine program 
showed that, under almost all condi- 
tions, ten times as much of the con- 
sumed oil left by way of the exhaust 
as with the blowby gases. With iso- 
octane fuel, approximately 85% of the 
oil that went out with the exhaust gas 
was completely oxidized. Only 50% 
of the oil going out through the crank- 
case breather was completely oxidized. 
About 1% of the unoxidized material 
in the blowby gases originated from 
the lubricant, the remainder being 
from the fuel. 

Coolant consumption has a dispro- 
portionate influence, increasing lubri- 
cant consumption by a factor of 100 in 
the range of 150 F to 375 F. 

Spark setting had no discernible 

continued on p. 121 
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SHAKER HEARTH 
WALKING BEAM 


» BATCH 
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PRECISION SEALS 


engineered to your product 


— Se SS 








POWER 
STEERING 





re 


Problem Solving is a common occurrence at Precision. 














One was the development of a universal compound for 
automatic transmissions and power steering systems. 
The Solution Precision Compound No. 6767—provided an 





“O” Ring with these characteristics. Suitable for all transmission 


fluids . . . particularly type “A” .. . long life over a temperature 
range of —40F to 300F . . . excellent resistance to cracking .. . 
low volume change . . . low compression set . . . high modulus. 


Precision creative research has reduced costs by producing 

the right “O” Ring for many manufacturers. You can benefit too, 
for the services of a Precision engineer are available to help 

you obtain the right product design and the right 

“O” Ring for it. Write or phone for his services today. 


recision Rubber Products Corporation 


"O” Ring and Dyna-seal Specialists 





3110 Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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effect as long as combustion was nor- 
mal. Use of the full range instead of 
isooctane fuel had no detectable effect 
on oil consumption. But it did have a 
major influence on the amount of un- 
burned lubricant. It increased the 
amount of unburned lubricant by a 
factor of at least two. 

Engine speed and load, unexpectedly, 
gave disproportionate results on oil 
consumption at intermediate speeds. 
The relationship between speed, load, 
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High Temperature Fuel Cells, E. A. 
DeZUBAY. Paper No. 159E. Research 
program undertaken at Curtiss-Wright 
Corp., Quehanna, Pa., to determine 
most suitable electrolyte, electrode 
materials and configuration, materials 
for cell fabrication, and optimum op- 
erating conditions of temperature, gas 
pressures and flow rates; materials rec- 
ommended; facts, observations, and 
conclusions drawn from analyses of all 
of tests run on fuel cells utilizing pro- 
pane fuel, porous nickel fuel and porous 
silver air electrodes and ternary car- 
bonate electrolytes. 

Design and Development of General 
Electric CJ805-3 Thrust Reverser and 
Noise Suppressor, W. S. BERTAUX. 
Paper No. 162B. Features of thrust 
reverser main body of which is basically 
cone with cutouts extending 120° on 
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and consumption was related success- 
fully to the vibrational characteristics 
of the piston rings. ... A theory was 
thereby derived which suggests that, 
under some operating conditions, ab- 
normal oil consumption rates can be 
due to one or more piston rings being 
excited to vibration. 


p 
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each side which allow exhaust gas to 
exit from cone in reverse thrust posi- 
tion; two blocker doors are mounted on 
top and bottom of cone; development 
engine testing of reverser and compo- 
nent test programs; noise suppressor is 
basically corrugated type nozzle in 
which each corrugation must carry 
pressure loading of gas as it expands 
from turbine through nozzle discharge. 

System Test GSE for Modern Weap- 
ons Systems, W. M. ALFORD, D. W. 
COGSWELL. Paper No. 163A. Check- 
out facilities forming part of ground 
support equipment; components are 
divided into control unit, signal and re- 
sponse unit, and air vehicle system; 
development of test plans for use with 
automatic test equipment; definition 
of vehicle system component functions 
and assignment of priority; test devel- 
opment, including study of stimuli, re- 
sponses and combinations of functions; 
program development, covering tests, 
and trouble shooting; plan applied to 
model sub-system. 

Boot-Strap Launching — Step To- 
ward Simplified GSE, C. C. WOR- 
STELL, W. A. BECK. Paper No. 163B. 
Details of boot-strap method as applied 
to horizontally stored missile system; 
means whereby thrust is used to erect 
missile before release to free flight; 
computer study made by Boeing Air- 
plane Co., to determine degradation of 
missile performance; elevating phase 
of launch operation, initial flight to 
5-sec elapsed time from start of thrust, 
and climb cruise; effect of changes for 
release and holding structures are eval- 
uated separately. 

Acoustically Induced Fatigue — 
Cause, Solution and Design Analysis, 
E. W. THRALL, Jr. Paper No. 164A. 
Paper presents fatigue problem that 
developed in empennage area of Navy 
A3D aircraft, ground and flight test 
programs undertaken, and results; five 
areas where acoustical fatigue occurred 
most frequently and type and size of 
material listed; effective solution to 
cracking problem found was addition 
of elastomer at point where cracks oc- 
curred; procedure whereby test results 
may be incorporated with analytical 
analysis to produce curves for design 
analysis. 

continued on p. 123 





THIS IS THE 
CORRECT 
EASY WAY 


the STANPAT from its 


backing. 


di 


PLACE 
the STANPAT into 


position on the tracing. 


into position .. . will not 


wrinkle or come off. 


Don’t chain your engineers to time- 
consuming routine on repetitive blueprint 
items . . . free them for more creative work 
and save countless hours of expensive 
drafting time with STANPAT. 


STANPAT prints these items on tri-acetate 
sheets that are easily transferred to your 
tracings. No special equipment required... 
reproductions come out sharp and clear... 
and STANPAT is incredibly inexpensive. 


19 YEARS OF SERVICE TO INDUSTRY 


r STANPAT COMPANY 
i Whitestone 57, N. Y., U. S. A. i 
Phone: Flushing 9-1693-1611 i 

0 Please quote on enclosed samples. 


Kindly send me STANPAT literature and 
samples. 


Dept. 198 


I ia eicetctnenconen nevninnmaniitimmiiiniitbabaie f 
Address. 
bbc oanme shea aaannh 
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Papers, in their special way, are as differ- 
ent as people . . . and choosing the best 
paper for a specific job can be as difficult 
as choosing the best person for the job. 
Here at K&E, we try to do the work for 
you, by painstakingly determining pre- 
cisely the characteristics required, then 
refining them to the point of excellence 
Here are some good examples: 


A New Type Of Typing Paper 
[Translucent typewriter papers are very 
popular of late for typed originals from 
which numerous copies must be made. The 
savings are considerable when you use 
translucent originals through diazo repro- 
duction—savings up to 80% in many cases. 
But most translucent papers used today 
stand erasure very poorly. Recognizing 
the inevitability of human error, K&E has 
perfected a better translucent typewriter 
paper called TYPEMASTER® (193)—the 
perfect answer for those whose typing is 
less than perfect. TYPEMASTER’s com- 
pletely new, engineered surface affords 
outstanding erasability. A thin, unusually 
tough coating, it readily catches and holds 
the typewritten image, yet resists penetra- 
tion of the ink into the paper fibers . . . and 
therein lies the secret of good erasability. 
A number of skeptics who tested the new 
TYPEMASTER sheets have now dis- 
carded all others. Skeptical or not — may 
we suggest you try it. 


Tracing Pads “To Travel" 
Brilliant ideas often occur at random mo- 
ments. For that reason, engineers on the 
move usually keep a tracing pad handy. 
But pads with soft, chipboard backing are 
of little use without a desk under them 
That’s why all K&E tracing pads are 





backed with sturdy bookbinder’s board 
the same tough board found in any high- 
priced, permanently-bound library volume. 
Wherever you are you're assured desk-firm 
support with a K&E pad. Another plus 
the sheets are bound in by a gummed edge 
for neat and easy removal. Available in a 
wide variety of grid patterns and sizes. 
with plain or imprinted sheets (standard 
headings), K&E book-bound, gummed- 
edge tracing pads are perfect workmates 
for the “portable” professional 


Now You Can “Talk'"' In Triplicate 
Although low-priced canary tissue enjoys 
wide usage as a so-called “talking paper”, 
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for your file of practical information on 
drafting and reproduction... from 
LL. — ——— — —— —KEUFFEL & ESSER Co.-——————~——4 








weve heard many complaints about its 
inability to reproduce well in standard 
copying machines. With this in mind, we 
present K&E’s newest LIGHTWEIGHT 
SKETCHING TISSUE (185) — designed 
specifically as a “talking 
paper.” This tissue is ideal for preliminary 
sketching when you want sharp reproduc- 
tions from a standard diazo, blueprint or 
office copying machines. It’s a_ pure 
bleached sulphate with just enough yellow 
tint added to afford good contrast for pen- 
cil, charcoal or crayon. You'll find K&E 
LIGHTWEIGHT SKETCHING TISSUE 


well worth any small price difference. 


reproducible 


The Most Pampered Natural Paper 
in America 
For the greatest transparency, the over- 
whelming choice is KKE ALBANENI 
prepared tracing paper. But for ability to 
stand a lot of abuse on the drawing board 
and in subsequent processing and handling 
many companies prefer to sacrifice some 
transparency and use a natural tracing 
paper. Here we recommend a truly re- 
markable K&E product-BANKNOTE™ 
(174L). This thin, flexible, 100% rag trac- 


Name & Title 


Company & Address 


KEUFFEL & ESSER CO.., Dept. $j-7, Hoboken, N. J. 
Please send me samples and further information on the following: 
K&E TYPEMASTER Translucent Typewriter Paper 
K&E Tracing Pads K&E BANKNOTI 


K&E LIGHTWEIGHT SKETCHING TISSUE 


ing paper will weather a double share of 
abuse. You can actually crumple a sheet of 
K&E BANKNOTE up into a tight ball... 
then smooth it out to find it almost as 
good as new for reproduction purposes! 
The paper makers who produce BANK- 
NOTE for K&E proudly refer to it as 
America’s most pampered tracing paper. 
No other paper we know receives the same 
care and attention... from initial inspec- 
tion of the textile bales, through every 
step of processing. to final shipment. With 
K&E BANKNOTE, papermaking skills 
come into play as with no other paper 
made on this side of the Atlantic — from 
use of a paper machine that runs a “top 
jacket” (one of the few still employed), 
through the artful “wet packing” process, 
to careful air-drying, super calendering, 
and rewinding. The result is a sheet of un- 
surpassed mellowness, yet with unusual 
stamina and workability. 

You can test this quartet of fine papers 
at your local K&E dealer’s .. . or use the 
coupon below to get samples for private 
perusal. Do it today ... there’s a world 
of better work at stake. 
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GROUND VEHICLES 


Corrosion Resistance of Aluminum 
Automobile Engine Components, A. M. 
MONTGOMERY. Paper No. 147B. 
Engine and road tests of aluminum cyl- 
inder heads on cast iron blocks, and 
aluminum coolant system components 
on iron and all aluminum engines, by 
Alcoa Research Laboratories; all alu- 
minum engine provides essentially 
trouble-free system; combination alu- 
minum iron engine requires precautions 
in design to minimize corrosion; alu- 
minum casting alloy which contains 
appreciable quantity of copper is more 
compatible with cast iron than other 
alloys. 


PRODUCTION 


Integrated Approach to Planning, 
Evaluation, and Control of Capital 
Facilities, C. W. GOLDBECK. Paper 
No. 155A. Approach by Thompson 
Ramo Wooldridge Inc., representing 
decentralized corporation with over 25 
plants in United States and Canada 
with operations covering automated 
and precision small lot production, etc; 
outline of program phases; capital 
commitment procedures providing de- 
tail information for future; annual 
capital program giving information for 
evaluation of operation for ensuing 
year; operating forecasts developing 
bulk figures for 5-yr period. 

Reducing Paper Mill Through Meth- 
ods and Systems Simplification, H. A. 
HELSTROM, Jr. Paper No. 156A. Ap- 
proach taken by Chance Vought Air- 
craft, Inc., Dallas, Tex., toward paper- 
work simplification; system introduced 
is illustrated by various examples relat- 
ing to release system and procedures in 
handling of engineering orders, wind 
tunnel data card, man power control 
board, process chart etc; paper saving 
techniques available, such as use of 
econometric models, probability and 
statistics, operations research and lin- 
ear programming methods. 

Manufacturing Expense Controls, 
R. M. LYNAS. Paper No. 156B. Con- 
cepts and practices used in controlling 
manufacturing costs by each of four 
plants of Michigan Div. of Thompson 
Ramo Wooldridge, Inc., Cleveland, 
Ohio, manufacturing car and truck 
steering linkage, hydraulic transmission 
pumps, etc; use of quality control chart, 
daily labor performance report, allow- 
ance cards, and manufacturing budget 
meeting chart; examples of programs 
developed for getting manufacturing 
costs under control which are out- 
growths of budget manufacturing 
meetings. 

continued on p. 126 
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The buyer of an airplane with 


CONTINENTAL POWER 


obtains two plus values available 


nowhere else. One is Continental’s 


famous reliability; the other, the 


priceless backing of genuine Continental 


eM EMCO Mery) Neco mo esas 


no matter where he may fly. 


After engine dependability, the most 
important thing to consider in choosing 
an airplane is the service behind it—the 
facilities maintained by its makers to keep 
it in the air at lowest cost. And here, as 
on the basic score of engine stamina, 
planes with Continental power rate uni- 
formly high . . . Owners of such aircraft 
are sure of finding genuine Continental 
parts and competent mechanics the world 
over... They benefit in other ways, too, 
from Continental's policy of backing those 
who build and those who use Continental- 
powered products. 





MODEL HP RPM CYL. WT. OCTANE 
A65 65 2300 4 173 80/87 
C90 95 2625 4 207 80/87 
0200-A 100 2750 4 190 80/87 
0300-A B&C.. 145 2700 6 277 80/87 
GO300-C 175 3200 6 312 80/87 
©470-15°** 213 2600 6 405 80/87 
E225 225 2650 6 363 80/87 
0470-K & L 230 2600 6 404 80/87 
0470-M 240 2600 6 409 91/96 
0470-G 240 2600 6 432 91/96 
0470-H* 240 2600 6 472 91/96 
10470-C . 250 2600 6 432 91/96 
10470-D . 260 2625 6 426 100/115 
10470-F 260 2625 6 426 100/130 
10470-J 225 2600 6 402 80/87 
10470-K 225 2600 6 391 100/130 
FSO526-A** 270 3200 6 575 91/96 
GS0526-A 340 3100 6 549 91/96 

*Pusher Type engine with extended propeller shaft 

* *He pterengine © **For Military use 
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working with — 


Du Pont Zytel’ 


nylon resins 


How Du Pont 


ZYTEL* 


one of Du Pont's versatile 


engineering materials 





Retainers moided by Dreco, Inc , North Olmstead, Ohio, for The Green Ball Bearing Company, Cleveland, Ohio. 


several difficult bearing problems 


eliminates 


A new ball-bearing retainer, molded in 
one piece of Du Pont ZYTEL nylon resin, 
now eliminates several of the principal 
causes of premature bearing failure. 
Conventional retainers, fabricated from 
two halves of stamped steel riveted to- 
gether, may fail because of burrs from 
the stamping, improper fits of the metal 
cups, rivet failure or lack of lubrica- 
tion. And retainer wear may result in 
metal flakes that cause raceways to pit 
and then progressively break down. 
None of those problems is encoun- 
tered with one-piece retainers of ZYTEL. 
The material has no burrs to interfere 


124 





with the operation of the bearing sur- 
faces. The molded parts fit properly. 
Lubrication requirements are not criti- 
cal. The high abrasion resistance of 
ZYTEL resins makes retainers wear as 
well as the hardened steel balls and race- 
ways themselves. Finally, the sound- 
deadening qualities of ZYTEL eliminate 
noise due to retainer vibration. 

The unique design of these retainers 
takes advantage of several other prop- 
erties of ZYTEL. The resiliency of these 
versatile resins, for example, permits 
ejection of the retainer from the spher- 
ical cores in molding. 


From the standpoint of manufacture, 
the new retainers are assembled much 
more readily than metal retainers. They 
are installed by a simple snap fit. Net 
cost savings result because of higher 
output, more uniform product and re- 
duced number of rejects. 

This is just one example of a compo- 
nent intelligently designed to take ad- 
vantage of all the inherent properties 
of ZYTEL nylon resins. On the follow- 
ing page you will find more applica- 
tions that may suggest ways in which 
ZYTEL can help you improve the design 
of automotive components. 
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tests at Ryan Aeronautical Co., San process, and exploration of possibilities 





Mechanical, electrical properties 


of ZYTEL make possible 


cost-saving automotive designs 





Electrical connectors made with Du Pont 
ZYTEL depend on the high strength and 
good dielectric properties of the mate- 
rial. Reliable connectors speed assembly 
of automotive components... help as- 
surelong, trouble-freeservice. (Electrical 
connectors made by AMP Incorporated, 
Harrisburg, Pa.) 


Sprocket for time clock illustrates the 
reduced costs and simplified assembly 
made possible by ZYTEL. This light in- 
jection-molded part has high strength 
and high fatigue-endurance limit.(Mold- 
ed by Hamilton Plastics Molding Co., 
for the Cincinnati Time Recorder Co., 
both of Cincinnati, Ohio.) 


The factors of superior performance, greater reliability, simplified de- 
sign and reduced costs, which have led to the widespread use of ZYTEL 
nylon resins in a host of industrial and consumer products, are, of 
course, particularly important in the field of automotive design. Find 
out how you, too, may be able to incorporate economy in your design 
with improved quality. The coupon below will bring you useful design 
data and information on specific automotive applications of ZYTEL. 


Flexible coupling made of molded links 
of ZYTEL outlasts metal-chain coupling 
at least 6 to 1 and costs 20% less to buy 
and maintain, according to the manu- 
facturer. Coupling is clean, quiet, cor- 
rosion-free. (Molded by Berea Plastics 
Company, Berea, Ohio, for Morse Chain 
Co., Ithaca, New York.) 
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ZYTEL nylon resins E. I. du Pont de Nemours & Co. (Inc.) 1 
Aide _, 4 Advertising Dept.,JJ-7, Room 2507Z | 

one of Du Pont's versatile engineering materials i Nemours Building, Wilmington 98, Delaware 
Alathon® - Delrin® ~- Lucite® |! | 
polyethylene resins acetal resins acrylic resins ieee ; 
Street 

Company Position i 

Rte us pat off j City Zone State : 

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY in Canada: Du Pont of Canada Limited, P. 0. Box 660, Montreal, Quebec. | 
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continued from p. 123 
Explosive Forming, F. A. COX, E. F. 
MELLINGER. Paper No. T39. Advan- 
tages of high energy forming of air- 
craft and missile sheet metal compo- 
nents; criteria used for selecting parts 
that lend themselves to this operation; 


tests at Ryan Aeronautical Co., San 
Diego, Calif., using dynamite, prima- 
cord, PETN sheet and gun powder as 
explosives show that unlimited pres- 
sures are obtainable by using one or 
combination of explosives, and metal 
movement of order of hundreds of feet 
per sec are possible; areas for future 
development. 

Future Trends in Materials Re- 
moval Techniques, M. E. MERCHANT. 
Paper No. T40. Areas of high potential 
to be attacked in metal removal pro- 
gram include improvement of automa- 
tion, tool materials, tool geometry, 
modification of work material proper- 
ties in situ, improvements in grinding 


JOHNSON tappets 


—ay 


* for all engine applications 


All of the engineering and manufacturing ef- 


fort at Johnson Products goes into producing a 


better tappet. 


Continual experimentation and exact- 


ing quality control make JOHNSON TAPPETS worthy 


of your consideration. 


Only proven materials, 


covering a range of hardenable iron, steel, and chilled 
iron of various alloys, are used in JOHNSON TAPPETS. These tappets are 
successfully used in jobs ranging from light duty to the 


most severe, punishing applications. Serving all industry that 


TAPPETS 


employs internal combustion engines. 


“tappets are our business”’ 


JOHNSON (]) PRODUCTS 


MUSKEGON, 


MICHIGAN 


process, and exploration of possibilities 
of electrical electro-chemical electron 
beam and plasma-jet machining; gen- 
eral problem of energy use, e.g., physi- 
cal, chemical, electrical, nuclear or 
other. 

Theory and Application of Plasma 
Are, R. M. GAGE. Paper No. T41. 
Principles of plasma arc torch; basic 
types are “transferred” arc torch for 
metal cutting and ‘“non-transferred” 
type for plating processes; role of noz- 
zle and nozzle material; applications in 
cutting of metals, etc; surface coatings 
can be deposited on almost any base 
material, including graphite, brass, 
steel, molybdenum, aluminum, and 
plastics; most important coating ap- 
plication is in use of tungsten to protect 
solid propellant graphite rocket noz- 
zles. 


ALSO AVAILABLE 


1960 SAE AEROSPACE MANUFAC- 
TURING FORUM .. . SP-331 consists 
of reports on 4 panels, as follows: 


Engineered Manufacturing Manage- 
ment, reported by KAY MASTERS, 
secretary. Discusses need for manage- 
ment controlling manufacturing costs. 
Potential areas for savings are given. 


Reliability — Organization and 
Achievement, reported by J. L. CO- 
BURN, secretary. Tells of Air Force- 
Industry approach to attaining a high 
degree of reliability on the B-58 
weapon system. The reliability organi- 
zations of prime contractors and typi- 
cal subcontractors, principal features 
of the reliability program, the mathe- 
matical reliability model, accumulation 
of failure rate data, and implementing 
reliability action by contractors is dis- 
cussed. 


How to Manage and Control Manufac- 
turing Research, reported by F. H. 
WILLIAMS, secretary. The objectives 
of manufacturing research may be to 
develop new or revised designs, work 
out better processes, or devise new 
processes which will serve as a bridge 
to make future production possible. 
Because objectives vary as well as size 
of organizations, no one type of re- 
search organization will fit all industry, 
but in every instance a team operation 
is needed and the members of the team 
should represent every department in- 
volved. Discusses qualities desired in 
team members and factors controlling 
the selection of a project. 


Facilities Planning and Introduction 
of New Products, reported by G. W. 
PERIMAN, secretary. Long range 
forecasting, capital equipment require- 
ments, evaluation of projects, utiliza- 
tion of facilities including manpower 
and space, control and the audit of 
operations to aid in future planning. 
Consideration will be given to both de- 
fense and commercial projects, organi- 
zation, introduction of new products 
and the part research and development 
should play in the planning of business 
activities. 
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SEALED PowER 
Stainless Steel 
Oit RING... 


this new metal 
delivers 
unique performance 


Sealed Power’s stainless steel oil ring 
stops smoking in high compression 
engines— maintains its original, built- 
in tension. 

The oil ring expander (being of 
stainless steel) resists the pitting and 
etching effects of the gases of internal 
combustion engines. Thesurfacestays 
clean and smooth; return oil vents 
do not plug. 

Stainless steel has no significant 
tension loss at engine operating tem- 
perature. This means the expander 
continues to exert the proper, pre- 
determined pressure on the side rails. 
They, in turn, have the proper scrap- 
ing action against cylinder walls far 
longer. 

Other key features: proper cylin- 
der wall conformability « quick seat- 
ing « chrome-plated side rails for long 
life » easy assembly and installation. 


Sealed Power 


Preferred Performance 


SEALED POWER CORPORATION, 
MUSKEGON, MICHIGAN «+ ST. JOHNS, MICHIGAN 
ROCHESTER, INDIANA * STRATFORD, ONTARIO 

Detroit Office » 7-236 General Motors Building 
Phone Trinity 1-3440 


PISTONS + PISTON RINGS « SLEEVES 
SLEEVE ASSEMBLIES + SEALING RINGS 
FOR ALL APPLICATIONS 


S. Pat. No. 2,789,872 
nless Steel Oil Ring 
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Chicago Section: Gail Gordon Barbee 

+: (M), Charles M. Barnes (M), Thomas 

New Members Qualified H. Cafcas (M), Marvin John Carlson 

These applicants qualified for admission to the Society between (M), George J. Clark (M), Ted Havenar 
May 10, 1960 and June 10, 1960. Grades of membership are: (M) (A), Walter F. Klaviter (M), W. H. 
Member; (A) Associate; (J) Junior. Langhenry (A), Richard Hugh Ma- 
lanaphy (M), William F. Martin (M), 

John V. Peterson (M), Carl E. Russell 


Atlanta Section: Arthur E. Flock, Jr. Central Illinois Section: Donald Pp. ‘™M), Donald H. Shook (M), Don Smith 
(M), John W. Hardison (M), B. An- Cummins (J), Kenneth D. Diefendorf St®ader (M), Ralph E. Ulm (M), Car- 
thony Stevens (A). (J), Charles E. Phenix (A), Dale L. lvle F. Warren (M). 

Shellenbaum (J), Warren D. Wood- 
Buffalo Section: George Barboza (J), burn (A), Colin Ernest Woodley (J). Cincinnati Section: N. V. Fischer (M), 
Donald Hermenet (M). A. F. Schexnayder (M). 


Cleveland Section: Russell DeYoung 
(M), C. Colmery Gibson (A), Walter 
E. Larkin (M), Kirk M. Reid, Jr. (M), 
fy few Donald M. Satava (‘(M), Marion L. 
: Snedeker (M), Ronald Tyminski (J). 


accessories Colorado Group: Harry A. Lane (A). 


ur) iy 3 S ; Dayton Section: George F. Lawton 
versatility " ‘ (A), William E. Thomas (A). 


Detroit Section: J. Louis Barribeau 
(A), Mehmet Kemal Bayburt (A), J. 
Richard Bohn, Jr. (A), Thomas R. 
Cassel (M), Robert G. Cassidy ‘M), 
Keith L. Cosner (M), William F. Darin 
(M), Kenneth Irving Goedert (A), 
Duane H. Goodsmith (A), Malcoln C. 


OOSA ASTER Goodwin (J), Herbert L. Gordon (M), 
Joseph R. Harris (M), Donald P. Hasel- 
tine (A), Alton J. Hole (M), Earl M. 


Hunter (M), Marvin William Jackson 


y (M), Thomas L. Ketten, Sr. (A), Leslie 

Hamilton Klauer (M), Morris Kosten 

(M), Carl Lessen (M), Seymour A. 

FUEL INJECTION PUMP Lippmann (M), John D. McBrian (M), 
. . Ronald M. McIndoe (M), Robert E. 
Diesel engine manufacturers, their designers and | McMaken (J), James S. Owens (M), 
engineers are specifying ROOSA MASTER be- | Guy Donald Pierce (M), John W. 
cause they know that it is the most versatile. There | Polick (A), Robert Allen Potter, Jr. 


are many reasons for selecting this pump. Here | ‘J’, Tom Rasmussen (J), Robert Full- 
are just a few: ington Rea (M), Garth R. Sayes (M), 


Robert J. Sitler (A), Eugene Vincent 
@ VERSATILE because of the variety of built-in, Spanski (M), Ivan M. Swatman (M), 
space saving, accessories demanded by modern | C- Arthur Van Dell (M). 
diesel engine design. Roosa Master can provide 
more compact, lower cost, complete units to 
meet many different applications. 


Indiana Section: Donald Earl Colvill 
(M), Robert D. Humphrey (J). 


VERSATILE because only one size pump serves | Metropolitan Section: Charles Atlas, 
either a 2, 3, 4, 6, or 8 cylinder, 2 or 4 cycle, Jr. (M), Robert L. Baker (J), Edward 
small or large displacement engine... and only | E. Carter (M), Richard J. DeChard 


Roosa Master can be mounted vertically or | ‘J’, Frank M. Duda (A), Michael E. 
horizontally. Errico (A), Mortimer J. Friestadt (M), 


William B. Hungerford (M), Lawrence 
VERSATILE because it is applicable to automo- E. Nienaber (A), Frank Joseph Pekar, 
tive, construction, farm, generator, marine and | J¥- (J), John C. Piebes (A), Roy Bur- 
stationary equipment guaranteeing dependable, | ‘" Power (M), Robert William Priebe 


: : : ‘ : (J), Harrison Shaw (A), Charles 
economical service. Write for further information. Stahley (M), Martin Sweitzer (A), 


Charles W. Willever, Jr. (M). 
makes O Mid-Continent Section: Donald A. 

ae Amann (M). 
Mid-Michigan Section: Winthrop Ger- 


ald Beach (M), T. R. Fernand (M), 


Darwin A. Mixer (M), Cecil R. Peter- 
HARTFORD MACHINE SCREW CO., HARTFORD 2,CONN. | (ory) “riomss G Tocpener (My 


DIVISION OF STANDARD SCREW COMPANY continued on p. 130 
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WHY BUY METAL YOU DON'T USE? 


Switch to 
Allegheny Ludlum Cast-to-Shape Tools 


FORGED DISC 


Forged disc necessary for fabricating 
welded tube mill roll. 


CAST-TO-SHAPE 
TOOL STEEL 
Cast-to-shape welded tube mill roll. 


220 Ibs. lighter than forging; $780 
cheaper for finished shape. 


$780 Saved by changing to Cast-to-Shape 


Why pay for metal that ends up chips on your floor? 


Here are two pertinent reasons why you should stop 
hogging your complex tools from blocks of metal and 
let Allegheny Ludlum cast them to shape. 


CAST-TO-SHAPE MEANS 
YOU BUY FEWER POUNDS OF METAL. 


For example, the roll shown above is 220 pounds 
lighter in the rough state than its forging cousin. 
Allegheny Ludlum cast-to-shape tools are more eco- 
nomical than tool steel forgings, and just as strong in 
certain applications. 


CAST-TO-SHAPE MEANS 

LESS FINISH MACHINING. 

This is especially important with a complex shape. 
For instance, the casting above has only 4% to % 
inches of machine stock on its surfaces, requiring only 
one roughing and one finishing operation. Estimated 
savings by using an Allegheny Ludlum cast-to-shape 
tool amount to $780. 


7271 


Allegheny Ludlum, a tool steel producer who makes 
cast-to-shape tools, casts them with the same precise 
quality control for which their tool steels is known. 
A full line of cast-to-shape tool steel grades is avail- 
able. You'll find ones with high resistance to abrasion, 
compressive strengths of approximately 400,000 psi, 
easy machinability, hardening with almost no distor- 
tion, toughness, high red hardness, and the capacity 
to take a high polish. 


Find out now how you can cut costs on your com- 
plex tools. Write for FC-4, a 28-page technical dis- 
cussion of A-L’s Forging and Casting Division with 
applications, pattern information, design tips, analyses, 
and heat treating instructions. Or call your nearest A-L 
tool steel warehouse or distributor. 


ALLEGHENY LUDLUM STEEL CORPORATION, 
OLIVER BUILDING, PITTSBURGH 22, PENNA. 
Write to Dept. SA-7 


ALLEGHENY LUDLUM 


Tool Steel warehouse stocks throughout the country... Check the yellow pages 


EVERY GRADE OF TOOL STEEL...EVERY HELP IN USING IT 
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a 
HYDRAULIC 


COUPLINGS 


Thanks to non-metallic seals, 
the new Stratofiex all-purpose 
couplings guarantee a positive 
self-sealing unit when connected 
or disconnected. When the two 
halves are connected, the valves 
open automatically to assure 
maximum flow, with a minimum of 
pressure drop. 


QUICK 
DISCONNECT 


Stratoflex Self-Sealing Couplings 
are available in three designs: 
wing nut, hex nut and knurl sleeve, 
with NPTF Pipe Thread or SAE 
“‘O’’-Ring Boss Thread, in sizes 

ing from 4" to 1%”. 


gs are furnished in NPTF 
e Thtead and Pains nape 


s Thread, with a 
’“" to VY. j 


n | 

A | 

For complete information on 
Stratoflex Hydraulic Coup- 
lings, write for Stratoflex 
Bulletin S$-6 immediately. 


ize range 


SALES OFFICES: 
Atlanta, Chicago 
Cleveland, Dayton 
Detroit, Fort Wayne 
Fort Worth, Hawthorne 
Houston, Kansas City 
Milwaukee, New York 
Philadelphia, Pittsburgh 
San Francisco, Seattie 
Toronto, Tulsa 


P.O. Box 10398 Fort Worth, Texas 
Branch Plants: Hawthorne, Cal., Fort Wayne, Toronto 
In Canada: Stratofiex of Canada, Inc. 


SKRMNDEER 


New Members Qualified 


continued from p. 128 


Milwaukee Section: James A. Meyer 
(M), Richard Carl Mortensen (M), C. 
R. Rigby (M). 


Mohawk-Hudson Section: Earl G. 
Smith (A). 


Montreal Section: John H. Blueth (M). 


New England Section: 2nd Lt. Charles 
G. Simpson (J), Adrian E. Van Dorpe 
(A). 


Northern California Section: Glen H. 
Boyd (M), Richard M. Dawson (M), 
Jack T. Guerin (M), Donald W. Half- 
hill (M), Walter H. Westerback (M). 


Northwest Section: William E. Dennis 
(M). 


Ontario Section: John V. Berger (J), 
Robert G. Brown (A), Kenneth R. 
Coulter (M), Franklin H. Cressman 
(M), G. L. Felix (M), Lorne F. Hiller 
(A), D. B. McColm (M), Andrew Mil- 
lar (M), William George Sadler (A), 
Alex Shelegey (M), E. N. Weldon (M). 


Philadelphia Section: John B. Darrah 
(M), James F. Light (J), Albert Cooper 
Littlejohn (A), John F. Pfeffer (A), 
William H. Reinhold, Jr. (M), Jerry D. 
Shaw (M). 


Pittsburgh Section: Lewis Z. Carey 
(A), Thomas F. Hanlon (A). 


Rockford-Beloit Section: Rudolph C. 
Kozlik (M), Harold A. Weiss (M). 


St. Louis Section: Robert Pahl (J). 


Southern California Section: John 
Burt (A), Donald L. Meehan (M), 
William L. Rose (A), Edward G. Row- 
lett (M). 


Southern New England Section: James 
M. Sullivan (M), Robert T. Sullivan 
(A). 


Syracuse Section: Theron R. Cham- 
berlain (M). 


Texas Section: Tom J. Sheffield (A). 


Texas Gulf Coast Section: James A. 
Embry (M). 


Twin City Section: John William Bar- 
lass (J), Thomas C. Brown (A), Brent 
T. Harding (A), Harijs J. Saukants 
(A). 


Virginia Section: Walter Royal (A) 
Washington Section: David A. Didion 
(J), Clifford Horton May (M), John 


W. Sawyer (M). 
continued on p. 132 
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good steering gets around... 


Shown here are Divisions of Ross, plus companies asso- 
ciated with Ross either through partial ownership, license 


or engineering service agreements: 


Oo Ross Division, Lafayette, Indiana 
2 Gemmer Division, Detroit, Michigan 


© Ingersoll Machine & Tool Co., Ltd. 
Ingersoll, Ontario, Canada 


Cam Gears Ltd., Luton, England 
Hydrosteer Ltd., Luton, England 


Gemmer-France, Suresnes (Paris), France 


© Zahnradfabrik Friedrichshafen A. G. 
Schwabisch Gmund, Germany 


7) Motor Iberica S. A., Barcelona, Spain 
© Ross Gemmer Gear Do Brasil Ltda., Sao Paulo, Brazil 
© Steerings Pty. Limited., Mascot, N. S.W., Australia 


Ross provides a gear for every steering need—manual 
or power, constant or variable ratio. Ross invites your 


inquiry. 


OFS STEERING 


ROSS GEAR AND TOOL COMPANY, INC. + LAFAYETTE, INDIANA 
Gemmer Division + Detroit 
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New Members Qualified 


continued from p. 130 


Western Michigan Section: James F. 
Kolbe (J), Frank G. Warrick (M). 


Williamsport Group: Cornelius H. 


Buddenbaum (M). 


make a 


tough job 


easy 


Ask Allen to design, 
engineer and fabri- 
cate a cab “to match 
your machine” 


Our diversified cab expe- 
rience assures you of 
maximum safety, smart 
styling, effortless visibil- 
ity and operator conven- 
ience at reasonable cost. 


Ask for more informa- 
tion or a personal discus- 
sion of your project — 
there’s no obligation, 


Outside Section Territory: Charles 
Leslie Callum (M), 1/Lt. Daniel B. 
Geran (J), D. E. Ricketts (A), George 
Sklar (M), Roger W. Williams (M). 


Foreign: Donald Henry Ballard (M), 
England; Alessandro E. Carelli (M), 
Italy; Dr. Cesare Cecchini (M), Italy; 
P. G. Kumar (J), India; Hans Mer- 
sheimer (M), Germany; Oscar V. Na- 
varro (M), Argentina; George Philippe 
Russbach (M), France; Donald Sains- 
bury Smith (M), England; T. Sornam 
(J), India; S. Vaidheeswaran (J), 
India. 


ALLEN INDUSTRIAL PRODUCTS, INC, 


Affiliate of Stolper Steel Products Corporation 
318 Pilgrim Rood ° 


Menomonee Falls, Wisconsin 


Applications Received 


The applications for membership re- 
ceived between May 10, 1960 and June 
10, 1960 are listed below. 


Alberta Group: Robert James Clark, 
William A. G. Everett, Curt A. C. 
Pedersen 


Atlanta Section: John McNulty Horne, 
Parker Little, Loy] R. Thomas 


Baltimore Section: Rogar Lawrence 


Odette 


British Columbia Section: William 


Peter Inge 


Buffalo Section: Frank R. Cowan, 
Joseph Anthony Grom 


Central Illinois Section: Richard P. 
Larence, Marion J. Witzenburg 


Chicago Section: James Robert Clarke, 
William Harrison Fetridge, George W. 
Folland, Ugo G. Frisoni, James Donald 
Harris, Richard K. Hedlund, William 
C. Keeran, Joseph L. King, Franklyn 
J. Lammers, Charles B. Tracy 


Cincinnati Section: John R. Savage 


Cleveland Section: Clifford L. De- 
Shelter, James A. Krause 


Colorado Group: William E. Adcock 


Dayton Section: Bert Paul Griffith, 
Chris Fred Keller, Jr., Zane R. Oaks, 
Gerald M. Sturm 


Detroit Section: Ahmet Recai Akman, 
Karl Douglas Burdick, James H. Cur- 
rie, Leo R. Dixon, Arthur W. Dulemba, 
Harry H. Fetters, Alan Robert Fisher, 
Lawrence H. Gillespie, Jr., Fritz E. 
Goettner, John P. Gorys, R. E. Her- 
genroether, James Francis Horgan, 
Leonard Gustave Johnson, Joseph 
Langlois Knapp, Karl Norman Krecke, 
Howard M. Martinie, Vacys Z. Mitkus, 
Harold A. Moore, Jr., Robert Earl Neth, 
Harry T. O’Connor, Russell DeWitt 
O’Neal, Robert F. Pecha, John J. Pol- 
lock, John Popovich, Norman Douglas 
Rice, Gilbert R. Richards, Bernard E. 
Sanders, Edmund F. Sarosy, James F. 
Schmitt, Samuel Herbert Schram, 
Charles E. Sloan, Jerome T. Smutek, 
Arthur J. Stock, John E. Sullivan, 
Richard Harry Tarske, Frank George 
Tenkel, Jack Lee Thon, David N. Viger, 
continued on p. 136 
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Eastman 
improves INDUSTRIAL 
SWIVEL CONNECTOR 


Licensed Under 
Pat. No. 2481404 


AMAZING VERSATILITY 
AND ADAPTABILITY! 


These two adaptations, 
specified by two of 
America’s largest major 
equipment manufactur- 
ers, reveal the unique 
adaptability and ver- 
satility of EASTMAN’S 
improved Industrial 
Swivel Connector. 


IMproveS SEALING QUALITY 
through use of SIX seals, thereby elimi- 
nating failure from grit, dust and other 
foreign materials. 


Improves SERVICE LIFE 
through new design and engineering, the 
interior is chrome-hardened with a highly 
polished mirror finish. 


IMproves UNIFORMITY OF FLOW 
at any angle of the swivel by under- 
cutting the shaft to equal diameter of 
the orifice. 


IMPrOVeS SERVICEABILITY 
through shorter, more compact housing; 
saving weight. Hex design permits multi- 
ple tapping on housing; easier assembly. 


STANDARD SIZES AND COMBINATIONS AVAILABLE 


LOW TORQUE-—Freedom from friction, 
even under high pressure. 


WIDE RANGE—Operating pressures up to 5000 p.s.i. 
trouble-free operation through wide temperature 


range (— 65° to + 250°). 
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EASTMAN Parallel Swivel Connector 


MANUFACTURING COMPANY 
DEPT. SAE-7, MANITOWOC, WISCONSIN 


EASTMAN Swivel Tee Connect 


While the use of EASTMAN’S High Pressure Industrial 
Swivel Connector eliminated the cause of hose failure due 
to constant, extreme flexing, it tended to increase the load 
on the swivel connector. 

To improve the performance of the swivel itself, 
EASTMAN engineers improved its internal design, chrome- 
hardened its interior surfaces, cadmium plated the shaft 
and then machined them to a mirror-like finish. 

Satisfactory service under the most unfavorable field 
conditions was insured by increasing sealing rings from four 
to SIX: 2 leather dust seals, 2 synthetic back-up washers 
and 2 quad rings of oil-resistant rubber (—65° to +250°). 

Exhaustive tests at 3000 p.s.i., through one million 
cycles, with the hydraulic fluid saturated with abrasives, 
dirt and other foreign materials, proved EASTMAN’S 
Industrial Swivel Connector satisfactory in every respect 
and did not cause failure of any kind. 

That is why America’s leading OEM’s and replacement 
buyers specify complete EASTMAN Hydraulic Hose As- 
semblies...for improved design, quality manufacturing 
and exhaustive testing. It pays to specify EASTMAN. 


LOOK INTO 
EASTMAN’S IMPROVED 
SWIVEL CONNECTOR— 
WRITE TODAY! 


ROTATION —Full 360° for all manifolds. 
SIZES — S plated | for corrosion protection— 
> we et ete 
Other sizes 
available on request. 


Please send me 
Bulletins 100 and 
200 on low, 
medium and 
high pressure 
assemblies. 





Bundyweld is the orig- 
inal tubing double- 
walled from a single 
copper-plated steel 
strip, metallurgically 
bonded through 360 
of wall contact for 
amazing strength, 
versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remark- 
ably resistant to 
vibration fatigue; has 
unusually high burst- 
ing strength. Sizes up 
to %” O.D. 


There’s almost no limit 
to the things 
Bundy can mass-fabricate 


Experience makes the difference! And Bundy engineers, backed by 
years of experience in designing and fabricating tubing parts, can 
help you solve your tubing problem. 

Bundy engineers will work with you at any time during the 
development of your product. They may be able to suggest design 
modifications in your tubing components to cut fabrication costs. 
Then your design will be turned over to Bundy specialists who will 
mass-fabricate your tubing parts at low unit cost with Bundywelde. 

Bundyweld is the original steel tubing that’s double-walled from 
a single steel strip for extra strength and resistance to vibration 
fatigue. It’s the safety standard of the automotive industry. Bundy- 
weld is covered by Government Spec. MIL-T-3520, Type III. 

Got a tubing problem? Bring it to Bundy. Call, write, or wire: 
Bundy Tubing Company, Detroit 14, Michigan. 





Six lengths of Bundyweld tub- 
ing are used as torque tubes 
to guide and protect the flex- 
ible cables that drive the slave 
units in this power seat unit. 
The tubes need to be ex- 
tremely smooth in order to 
protect the cables from fray- 
ing ... and they have to be 
easily fabricated and economi- 
cal, too. Bundyweld tubing 
meets every requirement! 


BUNDYWELD. TUBING 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING © AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 
BUNDY TUBING COMPANY + DETROIT 14, MICH. +» WINCHESTER, KY. * HOMETOWN, PA. 





to%”0.D. 


Bundy Tubing Company, Detroit 14, Michigan. 





Applications Received 
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Jon Stephen Wilson 


Hawaii Section: Tatsuo Nakashima 
Indiana Section: Frederic Rigdon 
Bartlett 


Kansas City Section: Boyd L. Freels, 
Charles R. Hayes, John H. Works 


Metropolitan Section: Charles H. 
Beckham, Brett P. deDube, Rene’ B. 
Eppi, Marcy B. Fannon, Northrop 
Rogers Fletcher, Gerhard K. Pilz, 
Daniel Poryles, William Joseph Powers, 
Kevin Sheehan, Gilbert Zweig 

Charles E. 


Mid-Michigan Section: 





BETTER COMPONENTS... 
BETTER PRODUCTS! 


Cooperation produces 


the final design 





When each component part is the best, the 
whole machine is right. Rockford Over- 
Center Clutches are the finest made for 
crawlers, cranes and other heavy-duty 
equipment. If your equipment is in the 
design stage, let Rockford Clutch engi- 
neers help you select the best clutch. 
Rockford Clutches in standard sizes suit 
almost every need. Custom models can 
be designed for your applications. Call or 
write for the Rockford Clutch Catalog. 





HEAVY DUTY 
OVER CENTER 
CLUTCHES 


ROCKFORD CLUTCHES 






ROCKFORD CLUTCH DIVISION | , 
316 CATHERINE ST. 
ROCKFORD, ILLINOIS 


f mit Borg-Warner International 
Sere 36 


BORG-WARNER 


Export Sales 
©. Wabash, Chicago, Ill. 


Drury, Bernard J. King, Jr., William 
B. Larson 


Milwaukee Section: Ray Dean Beard, 
Samuel Francis Gray, P. J. Rossiello, 
Edmund Rostkowski 


Montreal Section: Ian Butter 


Northern California Section: Phillip 
Alvin Bohm, Melvin C. Holdorf, Louis 
Stanley Korfhage, Daniel James 
Maneely, Walter Jakob Spielberger, 
Edwin G. Tandberg 


Northwest Section: John Arvid Holm- 
berg 


Ontario Section: Harry A. J. Atkins, 
Jr., William E. Austin, James R. Bax- 
ter, William C. Chisholm, Bruce C. 
Fouse, John F. Hand, Joseph Anthony 
Kemp, Archie K. Ledingham, Ian Mac- 
kenzie McLean 


Oregon Section: Franklyn O. Gieseke 


Philadelphia Section: J. B. Curcio, W. 
Roderick Hunsworth, John Anthony 
Marino, Dineshchandra S. Shah 


Pittsburgh Section: James W. Butler, 
Jr., Joe Earl Taucher 


Rockford-Beloit Section: Darold Dean 
Russell, Robert Hilton Shoquist, Ro- 
mas Balys Spokas 


St. Louis Section: Franklin D. Mad- 
dox, Joseph Patrick Mulligan 

Salt Lake Group: Charles Edward 
Wiemers 


Southern California Section: Harry T. 
Linde, Bernard J. Sadoff, Jr., Roy V. 
Spangler, Daniel G. Woodhouse 


Southern New England Section: Ralph 
L. Kalp 


Texas Gulf Coast Section: Boris K. V. 
Danielowsky, Don H. Morrison 


Twin City Section: Fred C. de Castro 


Washington Section: Ivar C. Peterson, 
Joseph P. Smith, Jr. 


Western Michigan Section: Jack Er- 
nest Larson 


Williamsport Group: Ralph E. Thomas 


Outside Section Territory: Dale Fran- 
cis Buller, Weldon Leon Phelps, Roger 
Frank Ort, Lyle Dean Six, James D. 
Wormley 


Foreign: Eric H. Bowers, England: Al- 
lert Jan Buijs, Holland, Willem Fred- 
rik DeVries, Holland; OM Narian 
Mehrotra, India; Hardarshan Singh 
Mejie, India; Nalin H. Shah, India; 
Yutaka Shirai, Japan; Ira Griffin 
Svendsgaard, Philippines; Carlos A. 
Weil, Argentina 
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How Aluminum ) 
Functional Parts 
cut weight, 


improve performance, 





reduce costs 





129 


The more than forty different functional parts 
made with aluminum in the fine 1960 automobiles 
add up to millions of individual aluminum parts— 
and there are good reasons for this substantial 
figure. 


The main reason is the increased emphasis on 
weight reduction, the prime target in compact car 
engineering and an important objective in the en- 
gineering of all automobiles. Lightweight aluminum 
is the best solution to weight control. Another key 
factor in aluminum’s growing usage is new process- 
ing techniques that result in a better part at a lower 
final cost. Other aluminum advantages such as 
corrosion-resistance, strength, and high thermal and 
electrical conductivity are also important in various 
applications. 

One or more of these aluminum advantages is 
being put to good use in the representative func- 
tional parts illustrated in this advertisement. For 
example, aluminum’s lightness in intake manifolds 
reduces front end weight, improves handling and 
weight-horsepower ratio. In the same part, alumi- 
num’s high thermal conductivity is of benefit, for 
example, in manifold probes which transfer exhaust 
gas heat to the intake manifold to preheat the in- 
coming mixture. Aluminum’s high thermal conduc- 
tivity also helps in carburetor mounting pads 
through which water from the cooling system is 
circulated, acting to heat the carburetor and 
eliminate icing. 

Another key advantage of aluminum is the fact that 
it lends itself to ideal ‘“‘integration’’ of physical prop- 
erties and part function, eliminating assembly com- 


TRADE MARK 





PAL JVVUAINAL, SULT, 170 





ponents and increasing efficiency of performance. For 
example, in rocker arms and supports, aluminum’s 
high strength to weight ratio combines with die 
cast designs to take advantage of high production 
casting techniques with resultant lower cost. The 
intake manifold and carburetor mounting pad take 
advantage of aluminum’s thermal conductivity, 
light weight and castability, reducing the number 
of parts. 


These weight and physical benefits combined 
with production advantages are also important in 
fuel, oil and water pump components, clutch hous- 
ings, pistons, carburetor bodies, distributor bases, 
horn parts, generator end frames and support 
brackets and many other parts. 


Because of aluminum’s proved advantages in so 
many parts, radiators, alternator and DC generator 
housings, mufflers, battery straps and other parts 
are receiving close design and engineering attention 
to take advantage of aluminum’s light weight and 
savings in tooling and assembly costs. 


For information and assistance on aluminum 
automotive applications, talk to a Reynolds Alumi- 
num Specialist. Write or phone Reynolds Metals 
Company, P.O. Box 5050, Seven Oaks Station, 
Detroit 35, KEnwood 7-5000. Or contact your nearest 
Reynolds office or write P.O. Box 2346-MX, Rich- 
mond 18, Virginia. 


NOTE: Before you buy any part—have it designed and 
priced in aluminum. Basic material costs do not deter- 
mine part costs. New techniques and processes —appli- 
cable only to aluminum—can give you a better product 
at a lower final cost. 


REYNOLDS ALUMINUM 


the metal for automation 


Watch Reynolds TV shows: “BOURBON STREET BEAT” 
“ADVENTURES IN PARADISE"; and “ALL STAR GOLF” (resuming in October)— ABC-TV 





After 31 years of continuous growth and diversification as Bendix Aviation Corporation .. . 


We've changed our name to 


The Bendix Corporation 


To reflect our dynamic growth in such fields as electronics, missiles and space, 
automotive, weapons systems, computers, machine tools, instrumentation, 
nuclear technology, hydraulics, meteorology, electrical, marine and others, we 
dropped ‘‘Aviation” from our corporate name on June 1, 1960. We do not wish to convey the 
impression that our products and skills are limited to the aviation field alone, 
although aviation products accounted for billings of $388,700,000 in 1959. 


Today Bendix®—through 25 divisions and 16 sub- 
sidiary and affiliate companies around the world— 
serves many fields. 

Our success in the rapidly expanding age of aviation 
has long obscured the fact that the Bendix automobile 
starter drive was the company’s first major product. 
Bendix introduced the type of four-wheel brakes that 
over the years has been used on most makes of cars. 
Bendix also pioneered automotive power brakes and 
power steering. Our automotive business in 1959 
totaled $114,300,000. 

A notable trend in Bendix’ recent history is the 
utilization of electronics in many of our major fields 
of activity. These range from automobile radios to 
aircraft and industrial communications and automatic 
flight controls . . . from electronic computers and data 
processing to numerical tape control systems for 
machine tools . . . and from transistors and ship-to- 
shore telephones to sonic cleaning and undersea sonar 
detection equipment. Approximately 40°; of Bendix 
products are electronic, including air defense radar which 
today guards 25 million square miles. 

Missile and space equipment 


A thousand 


Br 


accounted for $103,000,000 of our total business of 
$689,692,312 in 1959. In addition to being the prime 
contractor for two important missiles, Talos and Eagle, 
we are also a supplier of components and sub-systems 
for most U. S. missiles. Bendix is likewise taking an 
active part in Project Mercury and in satellite com- 
munications. The first is the program to put a man 
into space. The second will mark a new era in com- 
munications by using a satellite in orbit as a relay 
station for global radio messages. 

Bendix also has a growing and diversified nuclear 
program. Since 1949 we have operated the Kansas City 
Division for the Atomic Energy Commission. It is a 
large manufacturing organization employing 7,500 
people engaged in the atomic weapons program. We 
also supplied control mechanisms for nuclear sub- 
marines and nuclear industrial power plants, and we 
are playing a part in developing the newest U.S. atomic 
power plants for aircraft, missiles and space vehicles. 

Thus, as we drop “Aviation” from our corporate 
name, but not from our programs, we face a tomorrow 

where the range of our opportunities 
is broadening at a breathtaking rate. 


diversified products 


Oe a 


Fisher Bldg 
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Naugatuck KRALASTIC 


New FIAT uses I2 pounds of KRALASTIC! 


What makes one of the world’s leading auto makers turn to 
KRALASTIC for his new top models ? Why are the windshield 
and window trim, steering-wheel housing and entire dash- 
board of every new FIAT 2100 and 1800 made of this 
unique rubber-resin ? The answer lies in the material itself. 

Kratastic’s clear-through color eliminates costly finish- 
ing operations and at the same time ends fear of unsightly 
scratching in use. Unlike metals, KRALASTIC never feels cold 
or clammy to the touch, will never rust, rot or corrode. 
KRatasTic weighs less than aluminum. KRALASTIC is easily 


molded to practically any desired shape or form. KRALASTIC 
has a self-lubricating quality that helps to eliminate ‘‘inevi- 
table’’ squeaks and rattles. And finally, KRALASTIC provides 
a combination of toughness and dimensional stability that 
is unsurpassed. 

How about your newest, proudest product? Does it 
enjoy the kind of manufacturing and selling advantages 
KRALASTIC has already given such varied products as baby 
combs and water-well pipe ? Learn more about this excep- 
tional plastic material now. 


United States Rubber 


728K ELM st —s" 


Naugatuck Chemical Division gavcatucn connecticut 


KRALASTIC RUBBER-RESINS ®© MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron - Boston - Chicago - Gastonia - Los Angeles - Memphis 


140 


- New York - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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an element here 


and an element here 


assures 99.98% 
filtration efficiency 
even when 1 element 


is out of operation 


IT’S THE NEW PUROLATOR TWO-STAGE FILTER 


Simplicity of design makes the first cost of Purolator’s new 
dry-type two-stage filter as low as any two-stage filter on 
the market. Each element filters independently, and together 
they dustproof your engine as no other filter can . . . 99.98% 
efficient 

Users save money and get better engine protection from 
this néw Purolator filter, too. The first stage element will 
last up to 2000 hours, depending on operating conditions. 
The second stage will usually last almost indefinitely if the 


first element and sealing gaskets are maintained properly. 


Another big user-advantage is the way the two-stage 
design protects the engine despite accidental mishandling 
of the element. Even if the first stage element is damaged, 
the chance of harming the engine can be discounted when 
it is protected with the second stage back stop element. 
In addition, the second stage element lets the operator 
service the unit in the field, regardless of how dusty the 


conditions are. 


Purolator Products, Inc. 
Dept. 3896, Rahway, New Jersey 


Please send me complete data on the new Purolator two-stage filter series. 


Nome Title 


Company 
Address 


City 
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Both elements filter uniformly, in depth, over their whole 
surface, because they're both precision made of plastic 
impregnated cellulose. This series of two-stage filters is 
rated from 450 to 1150 cfm, with exceptionally low initial 
restriction. Mounting straps, rainhoods and outlet adapters 
are available. 

For more information write to Purolator Products, Inc., 
Department 3896, Rahway, New Jersey. 


Filtration For Every Known Fluid 


PUROLATOR 


PRODUCTS, INC. 
RAHWAY, NEW JERSEY AND TORONTO, CANADA 





Quality Control is a BORG & BECK tradition that means 


At Borg & Beck, quality control is not just a phrase to 


which we pay lip service. It is a tradition born of the long- 
standing Borg & Beck policy of building up to a standard 
—not down to a price. 

In the photograph at the left, for example, release levers 
are being checked on special equipment to make sure they 


are parallel with the pressure plate. As shown at the right, 
every Borg & Beck clutch plate is carefully tested for correct 


deflection to assure positive release. And every driven plate 
and cover assembly is dynamically balanced for maximum 
smoothness of operation. 

These exacting tests are typical of the extra care that 
goes into every step in the making of Borg & Beck clutches. 


They are your assurance of top quality, top performance, 
top value. And that means: BETTER CLUTCHES. 


| BORG & BECK | 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 


Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
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DESIGN 
NOTES 


How C/R’s New 
Metal Bellows Seal 


Meets Seemingly Impossible 


Operating Conditions 


Operating Ranges 


Temperature -—400° to 1000° F. 


Pressure 500 psi 
R.P.M. 80,000 plus 


These known operating ranges indicate 
the function of this seal. It is designed 
for applications where temperatures and 
mediums to be sealed forbid the use of 
any organic materials. Typically, these 
applications include fuel pumps, com- 
pressor power units and turbine starters 
characteristic in rockets and missiles. 
Other applications include mechanisms 
which are exposed to a high level of 
radioactivity. 


Design Advantages 

The C/R metal bellows seal consists of 
a metal bellows — a welded homoge- 
neous unit which is secured at one end 
— and a carrier ring in which the seal- 
ing face is mounted. The seal does not 
contact the shaft. It is stationary, and 
the only rubbing surfaces are the seal- 
ing face and mating ring. These surfaces 
are precision lapped to provide a pos- 
itive seal with minimum friction. At 
any given pressure, the seal can be de- 
signed to maintain proper and con- 
stantly effective face loads. It orients 
immediately to run-out and will resist 
any torques it is subjected to in opera- 
tion. The design has high end-play tol- 
erance: Chicago Rawhide engineers 
have deflected a bellows .100 in. for three 
million cycles at 1750 cpm and at a 
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temperature of 500° F. with no adverse 
effects. 


A further advantage is relatively light 
weight and compactness. The C/R metal 
bellows seal can be designed for min- 
imum axial and radial space. Axially, 
complete seals can be produced within 
a Y% in. cross-section. Radially, dimen- 
sions are comparable with conventional 
end face seals. 


The C/R metal bellows seal can also be 
designed with an extremely low coeffi- 
cient of expansion. The importance of 
this factor becomes apparent with the 
fact that in many applications the op- 
erating temperature may change hun- 
dreds of degrees in a very few seconds. 


Mediums To Be Sealed 
Virtually any known liquid or gas may 
be positively sealed with this design, 
depending upon duration or service life. 
From a practical viewpoint, the C/R 
metal bellows seal is the best design for 
the sealing of cryogenic and high- 
energy fuels such as LOX, hydrogen 
peroxide, fluorine and other missile and 
rocket propellants. 


Where possible, lubrication of the two 
sealing faces is desirable to prolong 
service life. However, the medium being 
sealed commonly acts as the lubricant 
and may be merely hot gas. 


Materials 
Sealing faces and mating rings for the 
C/R metal bellows seal are available in 


a variety of materials including carbons, 
carbides, ceramics and various alloyed 
metals for both high temperature and 
corrosion resistance. The bellows can 
be furnished in any of several metals 
and alloys such as stainless steel, Monel, 
Inconel X, Ni-Span C and other special 
alloy steels. 


Consult C/R Engineers 

Each application for the C/R metal bel- 
lows seal is essentially a custom-design 
and an intimate knowledge of all condi- 
tions to be encountered must be known 
by Chicago Rawhide engineers to pro- 
duce the correct combination of proper- 
ties in the seal. Then, whether you re- 
quire five, fifty or five thousand seals, 
Chicago Rawhide will design and pro- 
duce the correct seal to solve your 
problem. 


Helpful Design Data: 

We will gladly furnish you with a de- 
sign guide and space envelope data con- 
cerning the C/R Metal Bellows Seal. 
Just write for Bulletin MBS-1 on your 
company letterhead. 


CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1243 Elston Avenue « Chicago 22, Illinois 


Offices in 55 principal cities 


in Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 
Export Sales: Geon international Corp., 
Great Neck, New York 





A typical Ready-Power air conditioning unit is in the Hillcrest 
Country Club, Mt. Clemens, Michigan, where an International- 
powered system cools the club house and heats the swimming 
pool. The U-450 engine uses natural gas fuel to drive the com- 
pressor supplying liquid freon to a 70-ton Ready-Power Water 
Chiller Package. Ready-Power reports universal customer satis- 
faction with International-powered air conditioning equipment. 


Power package for air conditioning 


READY-POWER’S 25-year experience proves INTERNATIONAL 
superiority on thousands of engine applications 


Here’s another successful manufacturer reporting on 
the superiority of International engines. The Ready- 
Power Co., of Detroit has been designing and manu- 
facturing engine-driven equipment for 36 years, has 
been an IH booster for 25 years. Ready-Power Presi- 
dent H. D. Gumpper says, “Proven reliability of In- 
ternational engines plus excellent parts and service 
coverage, has led to the universal acceptance of Ready- 
Power engine generators and Ready-Power air con- 
ditioning equipment? 

In 1935 Ready-Power introduced a line of Inter- 
national-powered electric plants, which now range in 
size from 5 to 200 KW. In 1945 came the Ready- 
Power line of International-powered air conditioning 
equipment. This experience of using thousands of IH 


engines proves that International power is best. 


Your products, too, can benefit from the selling and 
engineering advantages of International design. Check 
the complete IH engine line—35 models from 16.8 to 
385 max. hp—gasoline, LP gas, natural gas or diesel. 
Just call or write International Harvester Co., Engine 
Sales Dept., Construction Equipment Division, Mel- 
rose Park, III. 


m INTERNATIONAL’ 


International Harvester Co., 
180 North Michigan Ave., Chicago 1, Illinois 
A COMPLETE POWER PACKAGE 





from the beginning of time... 


NOTHING HAS 
CHANGED THE 
IMPORTANCE OF A 

PROPER FRAME! 


As it was with the prehistoric dinosaur, the frame—or skeleton—is a vital part of modern pas- 
senger cars and trucks—is, in fact, the backbone of the vehicle. And, when all of the factors of 
rigidity, durability and load support are considered, the separate frame provides many important 
advantages over the unitized concept. 

The separate frame benefits both car manufacturer and car owner. It’s safe, absorbs road 
shocks with less noise transfer, offers more resistance to stresses and strains. The separate frame 
allows for flexibility as well as quick design changes—and it permits body repairs and replacements 
at lower cost. 

The separate frame is not a static unchanging structure. Through the years its design has been 
constantly revised to meet new requirements for passenger comfort and safety. It will continue 
to be adapted to new driving and styling trends as they occur in the future. 

For over 50 years Parish has been a leading producer of frames for passenger cars. We will 
be happy to place our extensive facilities and product know-how at your disposal in connection 
with any automotive frame or structural problems you may have. 


Bs ga @ DANA PRODUCTS: Transmissions @ 
Universal Joints @ Propeller Shafts @ Axles 

PRESSED STEEL @ Torque Converters @ Gear Boxes @ 

f ? Power Take-Offs @ Power Take-off Joints 


* @ Rail Cor Drives @ Railway Generator 
Drives @ Stampings @ Spicer and Auburn 
j Division of Dana Corporation Reading, Penna. Clutches @ Parish Frames @ Forgings. 


= en i 
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PARADYNE 41 PASSES STIFF 
ANTI-STALLING TESTS 


The photograph shows a car under- 
going stalling tests in a controlled 
temperature room. Paradyne 41 in- 
hibited gasoline gave outstanding 
performance under the most critical 
conditions. 


provides maximum protection 


Paradyne 41 prevents troublesome carburetor icing... 
the most common cause of stalling in the fall, winter and 
spring seasons. A combination of phosphorus-containing 
compounds, Paradyne 41 forms a protective water- and 
ice-repellent film on metal surfaces ... preventing ag- 
glomeration of ice crystals on carburetor surfaces. 


ADDITIVES 


against engine stalling 


ALSO PREVENTS RUST 


Test panels immersed in Paradyne 41 inhibited gasoline 
showed no rust after 40 days. 


SAVES MONEY ON PHOSPHORUS 


At concentrations normally used for anti-icing, Paradyne 
41 provides an appreciable portion of the phosphorus 
required to modify combustion deposits...thus reducing 
the amount of additional phosphorus additive required 
to prevent misfiring and surface ignition. 


PERFORMANCE PROVEN BY THOROUGH FIELD TESTING 


Extensive field tests, closely controlled test car studies 
and large-scale distribution studies ... substantiate ser- 
vice qualities shown by Paradyne 41 in laboratory test 
engines. 


EASY STORAGE AND HANDLING 


May be handled as a petroleum product . . . with normal 
precautions used in handling phosphorus additives. 
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| % REDUCTION IN STALLING 


100- 


11% 10% 


| 4% 
| on 


PARADYNE ADDITIVE ADDITIVE ADDITIVE ADDITIVE ADDITIVE ADDITIVE 
41 a B Cc D E F 


*All additives added to Base Fuel at 25 pounds per 1000 Barrels. 


PARADYNE 41 PROVEN SUPERIOR TEST PANELS SHOW PARADYNE 41 

The bar chart shows the anti-stalling effect ANTI-RUST EFFECTIVENESS 

of Paradyne 41 and six other leading addi- Rusted panel at left was immersed in gasoline 

tives when compared with the additive-free over synthetic sea water for three days. The 

gasoline. Under test conditions, additive-free other panels were subjected to same conditions 

gasoline allowed 22 out of 25 possible stalls. for 40 days, but gasoline was inhibited by small 

Paradyne 41 reduced the stalls to less than concentrations of Paradyne 41. Note that these 

four out of 25 — a reduction of over 83%. panels are rust free. 

Paradyne 41 excels in anti-icing effectiveness 

even under the most critical temperature and ENJAY SERVES YOU 

humidity weather conditions. ... With a complete line of petrochemicals to improve fuels and lubes 

CALL UPON ENJAY FOR PRESCRIPTION- ¢ with a larger staff devoted exclusively to additives research and 

BALANCED ADDITIVES THAT manufacture ...a staff available to help you meet your special 
; ; : additives requirements * with quality controls at every production 

--.meet your exacting specifications step to assure that each order meets specifications * with expedited 


ee your products deliveries from Enjay product centers across the country. 
success y 


. . Want more information? Contact 
2>new Parady rvic - : 
The new Paradyne 41 Technical Service Bul ae wets eee es te 


letin, and information about improving your Office) 15 West 51st Street, New 
product’s performance with a Prescription- York 19, N.Y. (Other Offices) Akron 
a a « Boston « Charlotte + Chicago + 
salanced Paramins Package, are yours for Detroit + Houston +« Los Angeles « 


the asking. New Orleans + Tulsa + Toronto 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


ADDITIVES 
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Bendix builds more brakes 
for more different vehicles 
than any other manufacturer 





400 REASONS WHY: 
It pays to put your braking problems 
up to Bendix 


Shown at the left are just a few of the automotive brakes now in production 
at Bendix. Actually, our current production schedules call for more than 
400 different types of automotive brakes, alone. § There are many reasons 
for this industry-wide faith in Bendix ability. Most of these reasons, 
however, can be listed under the headings of experience and know-how. 
§ In 40 years of intimate association with the problems of automotive 
braking, Bendix has made major contributions. These include four-wheel 
brakes, Duo-Servo” braking, automatic brake adjusters, and power braking 
—among others. § Because engineering and manufacturing dependable 
braking systems is our business, we are more than ordinarily interested 
in testing. Bendix conducts more brake pre-testing than any other organ- 
ization in the world. Exhaustive laboratory- and road-testing are conducted 
on each and every brake design before it is approved for production. You 
can feel confident in bringing your braking problems to Bendix. With 
proved capabilities and careful attention to every detail, Bendix has the 
answers you seek. Call on our Customer Application Engineers at any 
time for information and advice. There is no obligation. 


BRAKE HEADQUARTERS <Q“5/' 72> OF THE WORLD 


Bendix tives South Bend, inv. SRY 


CORPORATION 
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KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
n this field, including men of broad experience who may 


find it useful to review fundamentals from time to time. 


Annealing: Its Uses with Alloy Steels 


Broadly speaking, the primary pur- 
pose of annealing is to soften steel 
and make it more workable. An- 
nealing, as applied to alloy steels, 
may be defined as a process that 
heats above, and furnace-cools 
through, the critical range at a con- 
trolled, specified rate of speed; 

that heats to a point within, and 
furnace-cools to a point below, the 
critical range. In either case, the 
choice depends upon the structure 
and maximum hardness desired. 


The first method produces a la- 
mellar pearlitic structure, while the 
second creates a spheroidized con- 
dition. These will be discussed sepa- 
rately in the following paragraphs: 

(1) Lamellar pearlitic structure. It 
should be mentioned at once that 
this structure can be obtained both 
as described above and by a modi- 
fied method known as isothermal 
annealing. In the isothermal proc- 
ess, the steel is heated above the 
critical temperature (austenitized), 
then transformed at a_ predeter- 
mined temperature, which depends 
upon the analysis. This operation 
requires two furnaces or salt baths 

one for austenitizing, one for 
transformation. 

Lamellar pearlitic structures are 
generally associated with machin- 
ability in carbon ranges from 0.20 to 
0.60 pct, provided the hardness does 
not exceed the optimum maximum 


BI 


Brinell numeral. This is especially 
true where critical tooling is in- 
volved. It is a very versatile struc- 
ture, as it gives best results in such 
operations as broaching, tapping, 
threading, deep drilling, boring, 
milling, and tooling as applied on 
single- and multiple-spindle bar au- 
tomatic machines. 

(2) Spheroidized structure. There 
are two general fields of use for this 
type of structure when alloy steels 
are employed. In the low and me- 
dium carbon ranges, spheroidization 
is necessary for cold-shaping opera- 
tions, such as heading, extruding, 
drawing. In the higher carbon ranges 
(over 0.60 pct), it is mandatory 
where machining is involved, be- 
cause it tends to lower the hardness 
of the steel. 


If you want more details about 
these and other uses of annealing, 
and the results to be expected, by 
all means consult with our technical 
staff. And when you need alloy 
steels, Bethlehem can offer the full 
range of AISI standard grades, as 
well as special-analysis steels and 
all carbon grades. 


This series of alloy steel adverttse- 
ments 1s now available as a compact 
booklet, ‘“‘Quick Facts about Alloy 
Steels.”’ If you would like a free 
copy, please address your request to 
Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. 


THLEHEM STEEL COMPANY, BETHLEHEM, PA. 


vport Distributor: Bethlehem Steel Export Corporatior 


BETHLEHEM STEEL 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


Great new advance New PARACRIL OZO offers such advantages as: 
in hose rubber 


significantly superior ozone resistance 
New PARACRIL OZO—exciting development from the lab- excellent fuel and oil resistance 
oratories of Naugatuck Chemical—offers the makers and several times greater abrasion resistance 
users of rubber hose a combination of properties never permanent retention of bright, uniform colors 


before available. 
Discover first hand the dramatic new sales possibilities this 


Hose of every description, for practically every purpose, can proven new rubber offers you. In increased product quality. 
be tougher, less bothered by abrasion, more oil and weather In new production economy. For full information and what- 
resistant than ever before. And it can be produced in any ever technical assistance you may require, contact your 


permanent color desired! Naugatuck representative or write the address below today. 


Naugatuck Chemical 


Division of United States Rubber Company navoaiuek Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals . Reclaimed Rubber - Latices . CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Elmira, Ontario CABLE: Rubexport, W.Y. 





AUDIO 


AMPLIFIERS COMMUNICATIONS 


CONVERTERS DATA FLASHERS 
PROCESSING 


GAUGES INSTRUMENTATION 


ACHI 
a ‘ OSCILLATORS ses tgie REGULATORS 
CONTROL 4 SUPPLIES 


SERVO SOLID STATE 


R | 
SYSTEMS 4 SWITCHING eae 


ONE TRANSISTOR — 
HUNDREDS OF USES 


DELCO RADIO’S VERSATILE 2N174 For top per- 
formance in a wide, wide range of applications, depend on Delco Radio's 2N174. 
@ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power supplies, 


' 


and for use with 12-volt power supplies where high reliability is desired despite the presence of voltage 
transients. @ It has a high maximum emitter current of 15 amperes, a maximum collector diode rating 
of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C mounting 
base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. ™ The 
2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 2N174 


or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. FE LcO 


Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan 
1180 Raymond Boulevard 726 Santa Monica Boulevard 5750 West 51st Street 57 Harper Avenue A D | O 
Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 Tel.: Portsmouth 7-3500 Tel.: Trinity 3-6560 


Division of General Motors - Kokomo, Indiana 
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Want to Convert Rotary 
Motion into Linear’? 


EATON 
OVERRUNNING 
BALL-SCREW 


may be your answer 


The Eaton Overrunning Ball-Screw is a simple, versa- SOME 
tile mechanism that converts rotary motion into linear. POSSIBLE APPLICATIONS 


In such basic applications as actuators for opening wei “ani 
indow Lifts 


doors and windows, and positioners of various kinds 


. ‘ . Seat Actuators 
this device offers the designer many advantages: 


Trunk lid lifts 


Nut stops at end of travel, and overruns without Die table positioners 


jamming Door controls 


Convertible top lifts 


No limit switches or anti-stall devices are required 
— Chair Adjusters 


High mechanical efficiencies reduce power requirement Speed control devices 


Mechanical toys 


Can be installed in inaccessible or sealed-in locations ; ; 
Business machines 


for remote control operation 
Surgical and hospital 


‘ : . ; iat 
@ Permits compact, space-saving assemblies equipme 


The Eaton Overrunning Ball-Screw may be adapted to 


an almost endless number of applications. Send for 


illustrated descriptive literature. 


———— SAGINAW DIVISION ——————_ 
MANUFACTURING COMPANY 
9771 FRENCH ROAD ¢ DETROIT 13, MICHIGAN 
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pre engineers prefer 
this bearing and bushing line 


than any other! 


CLEVELAND GRAPHITE BRONZE 


17000 ST. CLAIR AVENUE e CLEVELAND 10, OHIO 


CLEVITE CHICAGO ele Lise se) 
AAP eld aPoRation | DETROIT NEW YORK 








BESTWALL DENSITE K-33 


Field Experience 


oa 


Customer Needs 
Modern Research 


Modern Plants 


Full Line of 
Bestwall Industrial Products. 


May we have the opportunity 
to prove fo you that... 





FIREPROOF 





A premium product at regular Densite price. Densite K-33 is an ideal gypsum 
cement for die sinking, for epoxy resin molds, for vacuum forming molds, for 
splash casting and built-up template work. It offers these advantages: 


Lowest expansion of tooling Densites—Insures dimensionally accurate 
tools and check fixtures 


Adequate plasticity— Allows ample time for conventional splash casting 
techniques 


Colored for easy identification—Also minimizes eyestrain during checking 
operations (available white, if specified) 


Hardest surface—Monotron hardness 90-100 at use consistency, with meas- 
ured surface finishes 16-60 micro-inches 


Densite K-33 and all other Densites are non-toxic. 






BESTWALL GYPSUM COMPANY 


Ardmore, Pennsylvania 


, elt Sah ae BEST WA 
— ff Plants and offices throughout the United States 
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| CLEVITE CHICAGO LOS ANGELES 


‘fi ; DIVISION OF | e DETROIT ata ALL ¢ 


General Motors Reliability in Action... 


Cool ,Aiir in Arizona! 


Compact, efficient, performance-proved — 
Harrison Cool-Pack “under-the-dash” Air 
Conditioner is another reliable GM product. 


HARRISON AIR CONDITIONERS ARE PERFORMANCE 
PROVED IN TORTUROUS TEMPERATURE TESTS AT 
GENERAL MOTORS DESERT PROVING GROUND! 


Blazing heat and desert dust make the Sonora country in Arizona ideal 

for testing car air conditioning. Here is where Harrison Air Conditioned 
cars are put through their paces . . . hour-after-hour on the high-speed 
track—mile-after-mile over rugged roads. Grueling performance tests 

like this are standard procedure at Harrison—and it pays off for today’s 
drivers in maximum product efficiency and reliability on the road. The 
Arizona Proving Ground is typical of GM-Harrison engineering and testing 
facilities—the most modern and complete in the automotive heat transfer 
industry. Reliability through research is one reason why Harrison has 

been the leader in product performance, value and dependability for a 

half century. If you have temperature problems . . . passenger comfort or 
vehicle efficiency . . . look to the leader. Look to Harrison for the answers! 


— 4 > 
em — 
PES 


Mane To ORDER 


ARRISON 


AUTOMOTIVE RADIATORS + Oil COOLERS + THERMOSTATS + AIR CONDITIONERS + HEATERS » DEFROSTERS 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 


156 SAE JOURNAL, JULY, 1960 





Triene|s 


Trucks and buses get lower cost per 
mile from American Brakeblok. So 

make it original equipment on your 
vehicles and win friends. Top qual 


heavy duty. 


7 
ov ta 


eS 
DIVISION OF AMERICAN BRAKE SHOE CO. 


- AMERICAN BRAKEBLOK 
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"We average more miles with 


LIPE CLUTCHES 


says Olson Transportation Co., Green Bay, Wisconsin 


M. J. Madigan, Olson Maintenance Superin- 
tendent, remarks: “Some time back, we decided 
to give Lipe Clutches a thorough tryout as inter- 
changes for original equipment. Our records show 
that they have produced more miles before over- 
haul than the clutches supplied with our units 
when new. Needless to say, we are very satisfied 
with these results.” 


There is a Lipe Clutch to 


meet requirements of vehicles 


18,000 Ibs. G.V.W. and up; 
for torque capacities from 
200 to 3000 ft. Ibs. For 
application assistance and 
specific data, contact the 
Company direct. 


Measure Lipe Clutch value by any standard you 
like . . . by ton-miles per year, by number of 
engagements or miles between teardowns, by 
vehicle use per repair dollar . . . and you'll agree 
with reports from all over the country that Lipe 
delivers more profit-building performance per dol- 
lar of cost. That’s why... 


the trend is to LIPE! 


-ROLLWAY 


oR, FP OR A 


YRACUSE 
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Integrated accessory power 
and cooling system 


AIRESEARCH APU-CO 


Propellant 
Speed Sensor 
Turbine 
Alternator 
Hydraulic Pump 
Overboard 

Oi/ Temperature 
miele 
Bootstrap 
Reservoir 
Hydraulic Oi/ Out 
Hydraulic Oil In 
Agree 

fod ZT ole TAN 4 
Heater 


Economizer 


meets the most advanced missile and space vehicie requirements 


AiResearch has developed a single system 
package for missiles and space vehicles 
to meet increasing accessory power and 
cooling load requirements in the face of 
decreasing size and weight allowances. 
This integrated accessory power and 
cooling system supplies hydraulic power 
for actuating systems, 3200 or 400 cycle 
three-phase electric power for guidance 
and control, and at the same time pro- 
vides cooling both for the API 
and all electronic equipment 


THE 


operating in the missile or space vehicle. 
The cooling system in the example 
shown here uses liquid ammonia as the 
expendable evaporant, and each heat load 
area has a separate temperature control 
valve. Alternator and controls, turbine 
assembly and APU liquid propellant fuel 
tank are patterned after operationally 

proven components. 
World leader in the design and manu- 
facture of cooling and accessory 
power systems, AiResearch has 


delivered more missile APUs than any 
other company, and is the leader in 
advanced electronic cooling systems for 
aircraft, missiles and spacecraft. 

AiResearch design and manufacturing 
experience in these two fields includes: 
liquid and solid propellant APUs; hydrau- 
lic and hot gas actuators and control 
systems; 3200 and 400 cycle alternators; 
cold plates; expendable and closed cycle 
gas and liquid cooling systems; cryogenic 
cooling systems. 

Please direct inquiries to Los Angeles. 


CORPOHRATICN 
AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


Systems and Components for: AiRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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TAILOR YOUR TRUCKS — 


1106991 EXTRA-OUTPUT D.C. GENERATOR—12 volts 
e 55 amperes @ 12 amperes at idle—For cross-country 
trucks, school buses and other vehicles with extra electrical 
equipment. 


AMPERES OUTPUT 


4000 


GENERATOR SPEED, RPM 


1117070 SELF-RECTIFYING A.C. GENERATOR—12 
volts e 60 amperes @ 27 amperes at idle—For high-duty 
vehicles with heavy electrical loads . . . operating at all 
speed ranges. Ideal for excessive low-speed operation and 
curb-idling. 
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1000 2000 3000 4000 


GENERATOR SPEED, RPM 


1106985 EXTRA-OUTPUT D.C. GENERATOR— 12 volts 
e 50 amperes @ 14 amperes at idle—Short frame generator 
for difficult mounting applications. For vehicles in city and 
suburban use. Not for cross-country operation. 








AMPERES OUTPUT 


3000 4000 $000 6000 7000 8000 


GENERATOR SPEED, RPM 
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TO JOB CONDITIONS 


1106986 EXTRA-OUTPUT D.C. GENERATOR—12 volts 
e 50 amperes @ 20 amperes at idle—For metropolitan trucks 
and school buses, with extra electrical equipment . . . 
operating at low speeds and with engine idling most of 
the time. 


AMPERES OUTPUT 


2000 3000 4000 5000 6000 
GENERATOR SPEED, RPM 


1117115 SELF-RECTIFYING A.C. GENERATOR—12 
volts e 105 amperes @ 10 amperes at idle—For high-duty 
vehicles with extra-heavy electrical loads . . . operating at 
all speeds. A.C. voltage available for 110 V conversion. 
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3000 4000 5000 


GENERATOR SPEED, RPM 


Delco-Remy offers a complete line of D.C. and 
A.C.*D.C. generators that are right for the job. 


Demands on the electrical systems of trucks vary with 
their use. For best performance, whether the vehicles 
be new or already in service, the electrical equipment 
should be job-matched to meet those demands. 


Do your trucks have extra electrical equipment? Operate 
cross-country, around town or off the road? Do they 
travel at sustained highway speeds, or with plenty of 
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stop and go? Whatever their assignment, there are 
Delco-Remy extra-output generators and regulators 
job-matched to meet the electric power needs exactly. 


Delco -Remy ELECTRICAL SYSTEMS 


= FROM THE HIGHWAY TO THE STARS 
iY DIVISION OF GENERAL MOTORS e ANDERSON, INDIANA 


orons 
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Proving ground 
for 
AUTOMOTIVE 


CHEMICALS 


At Dow, where the test tube often serves as test track for automotive fluids, 


there is a dedicated group of men who are exceedingly car conscious. These 


men of Dow’s Automotive Chemicals Laboratories—car buffs in their own 


right—work together enthusiastically with automotive engineers on a wide 


range of developmental applications, both current and future. The results of 


this natural cooperation may take the form of a better brake fluid, a safer 


metal cleaner, or a synthetic lubricant .. . 


one with properties for “years 


ahead” applications such as the new polyphenyl ethers . . . 


NEW LUBRICANTS SHRUG OFF OXIDATION, 
AT HIGH TEMPERATURES 


RADIATION 


Polyphenyl ethers exhibit 
marked improvements in lubri- 
cating properties and the ability 
to “‘take it’”” under adverse con- 
ditions. They’re the result of a 
long range research program 
on synthetic lubricants at Dow 

. . one of primary interest to 
forward-thinking automotive 
engineers. 

Continuous research on synthetic lu- 
bricants in Dow’s Automotive Chemi- 
cals Laboratories has spotlighted the 
polyphenyl ethers. These chemical ma- 
terials have exceptional lubricating 
properties and excellent stability in the 
presence of oxidation, radiation and 
high heat. 

Their lubricity is comparable to the 
diester lubricants; in the Shell 4-Ball 
Wear Test, for example, the scar diam- 
eter is 0.9 mm. when operating at 600 
rpm and 400°F for one hour at a load- 
ing of 50 kg. Polyphenyl ethers are re- 
sistant to radiation—changes in viscosity 
are minor after absorption of 1 x 10" 
ergs per gram. In a non-oxidizing at- 
mosphere, some polyphenyl ethers with- 
stand 800°F for about 100 hours. In an 
oxidizing environment polypheny] ethers 
can be used for long periods of time at 
temperatures up to 600°F. Low tem- 
perature use is currently limited to 30°F. 

Dow is currently working with in- 
dustry to perfect practical applications. 
The high resistance to radiation of poly- 
phenyl ethers suggests their use in 
nuclear-powered aircraft and surface 
vehicles. 

This research and developmental work 
is part of an over-all program on syn- 
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Synthetic lubricants pass lubricity exam for power steering pumps. 


thetic lubricants of all types, including 
the large and versatile polyglycol family. 
The polyglycols are characterized by 
many desirable lubricating properties. 
They have a high natural viscosity in- 
dex, are non-carbonizing, and display 
improved oxidation and shear stability, 
sludge and varnish resistance. Polygly- 
col lubricants are used today in such 


diverse applications as crankcases, gas 
turbine engines, and hydraulic fluids. 


Vv. I. improver research shifts 
into high 

Although viscosity index improvers 
are young as additives go, they’re do- 
ing a man-sized job in many lubricat- 
ing oils. Continuous research on them 
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is being carried out at Dow—in fact, it’s 
currently being speeded up in Dow’s 
Automotive Chemicals Laboratories. 
Why? Because the tasks V.I. improvers 
are asked to perform have rapidly mul- 
tiplied. Present “extra-curricular” jobs 
aS pour point depressants and deter- 
gents are varied and complex; yet vastly 
improved properties will be expected 
of the V.I. improvers of a few years 
from now. 

As an example of the specialized, 
modern research equipment utilized in 
this work: Dow has developed an ap- 
paratus that simulates 20,000 miles of 
road testing in just one hour’s time! 
Similar testing devices are now being 
perfected in the lab. 


That settles it! 

When pliant engineers have an indus- 
trial waste problem, they often find the 
answer in Dow’s family of flocculating 
agents. Separan® NP10, for example, 
speeds settling rates of solids in solution 
and improves clarity. It also does an 
outstanding job in water treatment and 
in most types of processing operations. 


Polyols for every purpose 

Dow offers industry “the world’s 
widest line of polyols.” These special- 
ized chemicals are used in a broad 
range of fluids of interest to automotive 
engineers: brake and power steering 
fluids, synthetic lubricants and trans- 
mission fluids, coolants, antifreezes and 
hydraulic fluids. 

Some of the newest of the automotive 
materials made from Dow polyols are 
the urethane foams used as seat cush- 
ioning material. Dow provides foam 
manufacturers with Voranol*—special 
resin-grade polyglycols tailored to meet 
the exacting requirements of the flexible 
foam industry. Because Dow is basic 
in polyols, it can provide custom-made 
materials best suited for any particular 
customer application. There’s practically 
no limit to the kinds of polyols Dow 
can produce! * TRADEMARK 


From Dow operations like this come 
the ‘‘world's widest line of polyols.”’ 
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‘road test’’ conditions. 


Waste solids in solution settle out quickly with Separan NP10. 


WANTED: TOUGH PROBLEMS! 

The men of the Dow Automotive Chemicals Laboratories are 
leading with their chins. They welcome any technical chemical 
or chemical engineering problem—on current or future appli- 
cations—concerning automotive chemicals. Your inquiry will 
receive prompt attention by our research staff. Contact the Dow 
sales office near you or write to THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Chemicals Merchandising Dept. 403EN7. 


THE DOW CHEMICAL COMPANY 
Midiand, Michigan 





Koppers Sealing Rings 
give ensured actuation! 


Koppers solves diverse and difficult sealing problems. 


Modern supersonic jets and dump trucks—as dissimilar as they 
appear—both depend on Koppers Sealing Rings for efficient 
hydraulic system operation. Koppers Predictable Performance 
Sealing Rings are used in a wide variety of applications. . . 
engineered to satisfy each requirement of both hydraulic and 
pneumatic sealing. 


Koppers has the technological skill, gained through 38 years 
of experience, to meet the most critical performance require- 
ments in any sealing application. Look to Koppers to solve 
your sealing problems. For an informative booklet on Metallic 
Sealing Rings write to: Koppers Company, INc., 0907 Hamburg 
‘Street, Baltimore 3, Maryland. 


A Koppers Sealing Ring is applied to a B-58 actuator. 


SEALING RINGS 


Engineered Products Sold with Service 
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Cure Time Reduced to 42 Seconds 


“With Reichhold PoLyLite Polyester resin we have 
achieved the most efficient, least costly method of produc- 
tion for our compression molded automotive fresh air 
ducts.” This report comes from Lester F. Barnum, Vice 
President and Treasurer of Barnum Brothers Fibre Com- 
pany, East Detroit, Mich. 

“POLYLITE gives us about four times the curing speed 
obtained with other types of molding material. Press time 
with POLYLITE is only 38 to 42 seconds as compared to 
three minutes with other materials,” continues Mr. Barnum. 


As to final product, he says, “the resin exhibits excep- 


Rep 


Creative Chemistry 
-»«Your Partner in Progress 


tional impact and flexural strength as well as resistance to 
crazing and warping. It enables us to turn out a product 
that exceeds our customers’ rigid specifications.” 


Perhaps there is a Reichhold PoLy.ire Polyester resin 
that can help increase the efficiency of your production. 
Why not contact RCI and check the complete line of 
POLYLITE resins — not only for compression molding, but 
also for laminating, casting, structural layup, impregnating, 
encapsulating, rigid polyurethane foam production, surface 
coating, corrugated and flat sheet production and matched 
die molding. 


REICHHOLD 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, WN. Y. 


Synthetic Resins « Chemical Colors e Industrial Adhesives ¢ Phenol ¢ Hydrochloric Acid « Formaldehyde e Glycerine 
Phthalic Anhydride e Maleic Anhydride ¢ Sebacic Acid « Ortho-Phenyiphenol ¢ Sodium Sulfite ¢ Pentaerythritol 
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Pentachlorophenol « Sodium Pentachlorophenate ¢ Sulfuric Acid « Methanol 
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ACCURACY, DURABILITY and ECONOMY are 
important characteristics of these sintered metal 
automotive suspension parts by Deico Moraine 
Vital components such as these are typical 
results of close collaboration between Deico 
Moraine and its customers—an effective liaison 


that functions from idea through design and 





development to production. They also confirm 
Deico Moraine'’s equally important capabilities 


for making deliveries in quantity and on time! 








DELCO MORAINE 


DEPENDABLY MADE parts for automotive progress « Division of Genera/ Motors, Dayton 
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SAFE EMERGENCY STOPS... 





with Wagner Lockheed 


MANUAL ano FULLY AUTOMATIC 
TRACTOR-TRAILER PROTECTION VALVES 








WAGNER 
EMERGENCY 
BRAKE VALVE 


provides “push-pull” 
manual control to 
octivate the tractor's 
emergency protection 
system and to trigger 
emergency broking 
on the trailer. 








WAGNER 
TRAILER RELAY 
EMERGENCY VALVE 
fully applies the trailer 
brokes when the emer- 
gency broke volve is 
octucted manually by 
the driver, or avtomati- 
cally if the tractor system 
pressure drops to an 

unsofe value. 








WAGNER TRACTOR 
AIR LINE 
PROTECTION VALVE 


cutomatically isolates 
the tractor air supply by 
sealing the service and 
emergency air lines if 
the trailer is uncoupled, 
breaks away or loses its 
air supply. It also auto- 
matically activates 
trailer emergency volve 
to apply trailer brakes 
if tractor system pres- 
sure drops to an unsofe 
value. 


CONSULT YOUR WAGNER AIR BRAKE SPECIALIST 


Braking emergencies are something truckers have 
to live with. But, they can live with them a lot 
more safely if you equip the vehicles you make 
with Wagner Lockheed Emergency Brake Valves 
and Tractor Air Line Protection Valves. These 
valves, when used with the Wagner Trailer Relay 
Emergency Valve, give drivers of your vehicles 
safe emergency braking. 
Wagne r builds components for all braking systems 
—air or hydraulic; everything from the actuating 
system to the foundation brakes. REMEMBER, 
when you equip the vehicles you manufacture 
with Wagner Lockheed Emergency Brake Valves 
and Tractor Air Line Protection Valves, you add 
safety and low-maintenance features that build 
customer acceptance, 


Let him help you with your specifications, and also 
ask him about the engineering consulting service 
available from Wagner. 





Wagner Electric @rporation 


6378 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 





WK60-6A 


LOCKHEED BRAKE PARTS, FLUID, BRAKE LINING ond LINED BRAKE SHOES © AIR HORNS © AIR BRAKES © TACHOGRAPHS © ELECTRIC MOTORS © TRANSFORMERS © INDUSTRIAL BRAKES 
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The American Automotive Industry—the world's 


Continuing Research works to 
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Schrader’s famous valve operating principle—the Ace of Standardization 
—through a program of continuing research on all types of standard tire valves. 
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greatest enterprise—depends on tire accomplishments 


deliver the highest quality valve 
at the lowest possible price 


* 
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Soames i: 5s ty : 

E Bits aie au. 
RUBBER MUST STAND HEAT. Both climatic and brake RUBBER MUST STAND ABUSE. Dirt, pressure, bending, 
drum heat can get high enough to weaken and destroy shock, chemicals, ozone, moisture condensation . . . 
a tire, or shorten its life. just a few of the things that work against-tires. 








Bere Ntnee i 


KNOWLEDGE of rubbers for tires and tire valves are STANDARDS ARE HIGH because the Automotive, Tire, 
closely related, so both industries work together on and Tire Valve Industries make them high—to the 
extremely difficult problems. benefit of every vehicle everywhere. 


In the Automotive, Tire and Tire Valve Industries, research will never stop. Improvements 
are being made continually. This means each vehicular part, material, or function must 
constantly be examined and re-examined in relation to every other part, material, or func- 
tion. As an example, superb types of tires are now in use which would have seemed incred- 
ible only a few years ago. And still research in rubber chemistry continues! Right now, 
Schrader specialists are contributing one improvement after another in valve design, in- 
gredients and practical adaptions to hundreds of wheel sizes and types. Their aim: Ever 
better tire valves—ever more practical and dependable—to match and serve any vehicle 
that comes off the production line. 


A. SCHRADER’S SONS * BROOKLYN 38, N. Y. 
Division of Scovill Manufacturing Company, Incorporated 









FIRST NAME IN TIRE VALVES 





FOR ORIGINAL EQUIPMENT AND REPLACEMENT 


edivisionof SCOVILL 
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REGULAR 
DIESELPAK™ 


COMPETITIVELY PRICED! 


Completely New DIESELPAK— designed 
for operators with frequent pack or oil change 
intervals. Costs less than ineffective substitutes 
because it gives more miles of effective 
filtration. Has same exclusive patented 
Luber-finer DIESELPAK filtering process. 


and MPERIAL DIESELPAK*® 


—long famed leader throughout 
the industry — gives up to 

90% MORE average mileage 
performance than ineffective 
substitutes, but original cost 

is only slightly more! 





FREE — write for information — 
“How to,get MORE MILES of effective 
lubrication at LESS COST.” Dept. F-12 


{uber yinen 


INCORPORATED 
2514 SOUTH GRAND AVENUE, LOS ANGELES 7, CALIFORNIA 


AVAILABLE THROUGHOUT THE WORLD 


LOOK FOR THESE NAMES ON THE PACK—Your guarantee that you get the money 

* saving protection only GENUINE Luber-finer gives. Only Luber-finer Dieselpak— 
with its exclusive patented filtering process—removes oil contaminants effectively 
far longer than any substitute pack! 
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This mark 
tells you a 
product is made of 
modern, dependable Stee! 








Truck frame built with (iss) COR-TEN Steet 
takes terrific torsion strains 


In this truck, originally designed for use at Naval 
air bases, strength was the primary consideration. 
The builder, Kalamazoo Manufacturing Company, 
chose USS Cor-TEn High-Strength Low-Alloy 
Steel for the 6-inch frame members. 

The grueling acceptance test of their Model 40 
(Government version of K45) Platform Truck 
involved hitting a series of 4-inch-high steel obsta- 
cles placed alternately on the right and left sides of 
the road. This racking motion set up terrific strain 
due to the twisting of the frame members. The test 
lasted 8 days, 8 hours a day. At the end of the 
period, there were no fractures in the Cor-TEN 
Steel and the frame was straight and true. 

Results were so good that approval was granted 
and Kalamazoo subsequently received a contract 
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for 182 trucks for Naval and Marine air bases all 
over the world. Now Kalamazoo is making them 
as Model K45’s for industrial use and for baggage 
and cargo handling at airports, with the addition 
of a conveyor belt. 

USS Cor-TEn High Strength Steel is widely 
used for all types of truck frames and bodies. It 
has a yield point 11% times that of structural 
carbon steel, has 4 to 6 times the resistance to 
atmospheric corrosion, and offers superior resist- 
ance to abrasion and impact. What’s more, paint 
on USS Cor-TEn Steel lasts up to 50% longer 
than the same paint system on carbon steel. 

For more information, write for a free copy of 
our Cor-TEN Steel booklet. United States Steel, 
525 William Penn Place, Pittsburgh 30, Pa. 


USS and COR-TEN are registered trademarks 


United States Stee! Corporation—Pittsburgh 
American Stee! & Wire—Cleveland 
Columbia-Geneva Steei—San Francisco 

Tennessee Coal & jron—Fairfieid, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 





Low silhouette industrial truck built with a rugged frame of USS 
COR-TEN High Strength Steel and a platform of USS Multigrip 
Floorplate, Payload 4,000 Ibs. Cargo space 45 sq. ft. 
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SELF-ALIGNING BEARINGS 
% O= 
PLAIN TYPES ROD END INT. 

6. CS 


te ts Reserved 





EXT. 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


: : For types operating under high 
t 
Stainless Steel Bail and Race temperature (800-1200 degrees F.). 
For types operating under oe — 
ultimate loads (3000-893,000 | 
For types operating under ee loads 
with minimum friction requirements. 


Chrome Alloy Steel Ball 
and Race 


Bronze Race and Chrome 
Steel Ball 
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CONSTRUCTION EQUIPMENT - TRACTORS - BUSES 
SO AU A Ue A ek a 
FIRE ENGINES - BOATS - TANKS.- PLANES - HEATERS 
AGRICULTURAL EQUIPMENT GENERATOR SETS 


Bendix* Electric Fuel Pumps deliver outstanding, 
dependable performance—proved in temperatures 





from —76° to +114 
Built-in pressure release. 
hour. Positively prevents vapor lock. 
for descriptive folder and specifications. 


. Easily installed and serviced. 
Delivers more gallons 
Write 


Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- per 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
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ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551.Address Dept. SAE 60 


SOUTHWEST PRODUCTS CO. 
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ENGINEERING; 
KNOW-HOW 
ENGINE DESIGN! 


Price: $23 90 to men leek 


fo non-members f 


Society of Automotive Engineers I 
485 Lexington Ave., N. Y. 17, N. Y.] 


MECHANICAL 
DESIGN ENGINEERS 


Earthmoving experience, with successful record 


in design and development of heavy mechanical 
equipment, crawler tractors, bulldozers, winches 
and tractor attachments. 
Work includes layout and design of heavy ma- 
chinery for construction and mining. 
Permanent positions open, for those qualified, 
with one of the nation’s fastest growing heavy 
machinery manufacturers. 
Location — Salt Lake City, Utah — in the moun- 
tain West, where you can breathe clean air, 
and drive from home to work in less than 20 
minutes 

Send Complete Information and 


photograph to Dept. SXB 


THE EIMCO CORPORATION 


P © Box 300, Salt Lake City 10, Utoh 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 














Do you want 


An SAE Emblem 
for your Lapel? 


¢ Distinguishes you 
as an SAE member 


¢ Is an attractive 
gold-filled clutch- 
back pin 


¢ Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


GOLD on BLUE . 
GOLD on RED .... ; 
GOLD on WHITE ......... 


oy Member Grade 
. Associate Grade 
ee Junior Grade 


Order from: 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 
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PIMC, VOVEMUavIC Vice: 


PIM PIGS: FGYIVGU SUV INS. VAIO Space 40 Sq. it. 





Webster hydraulics power a clean sweep 


The business end of an industrial floor sweeper has 
its work cut out. Cleaning up grease-caked debris, 
metal chips, oil and grit is a tough demanding chore. 
It takes power — versatile power. 

And a Webster HCS hydraulic motor supplies it for 
one of the most popular sweepers of this type! The 
HCS drives both the brush and the machine — main- 
tains constant brush speed regardless of propelling 
speed. It has high torque with low power requirements 
(ideal for this application) and mounts in any position. 


HCS HYDRAULIC MOTOR 
Write for complete 
specifications and 
performance data 
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The HCS, typical of all Webster hydraulic motors 
and motor-pump combinations, operates at up to 
1000 psi, with up to 206 torque pounds/inches per 
100 psi (theoretical). It delivers up to 57 hp at speeds 
up to 2000 rpm. 

Would a Webster hydraulic motor, pump or valve 
adapt to your product? Would it solve a power trans- 
mission problem? There’s one way to find out — ask 
the advice of a specially trained Webster hydraulics 
engineer. There’s no obligation. Write for action! 


OIL HYDRAULICS DIVISION 


ELECTRIC 
co RACINE -WIS 
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<> | MAGNESIUM 


MONEY BY SWITCHING 10 


Magnesium’s light weight gives you up to 4 times as 


many die castings from an equal weight of metal! 


from 1 lb. of zine you get only 1 part 


a EOS ES Be RE. (EE tac , i AE 
from 1 lb. of aluminum : you get only 224 parts 
nx? in? in 
a ee eee onthe Re Te en Be a ae TS no ee AY 


from 1 lb. of magnesium | you get 4 paris 


Magnesium gives you other savings, too... 


¢ Up to 50% faster casting rate than aluminum 
¢ Easiest of all metals to machine. Less wear and tear on tools. Faster production 
¢ Lightweight magnesium is easier to handle. Saves shipping costs 


la 


For more information check with your die casting supplier or write to: Automotive Develop- 
ment Engineering, Magnesium Sales Department 1102EN7, THE DOW CHEMICAL COMPANY, 
Fisher Building, Detroit, Michigan. 
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FIGURE HOW YOU CAN SAVE 
MAGNESIUM DIE CASTINGS 


Figure the metal cost per part yourself — 


Just insert the price per pound of metal and divide to find the 
relative cost of zinc, aluminum and magnesium 


(price per pound of zinc): a (cost per part) 
(price per pound of aluminum): ~~ (cost per part) 


(price per pound of magnesium): (cost per part) 


4 


SEND FOR free Magnesium Die Castings Booklet. SS th A 
Covers design notes, properties, applications, etc.  Y \h 


- 
Magnesium Sales Department, THE DOW CHEMICAL aa f 
comPANy, Midland, Michigan. NEONCGHINT 
. oe UH BASHING 
od 


Pa rn 


THE DOW CHEMICAL COMPANY MIDLAND, MICHIGAN 
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y New Midland Gladhand =“ 
Lightest! Non-Corrosive! Non-Sparking! 


e Temperature-Resistant — performs efficiently at 
temperatures ranging from —50° to over 190° Fahren- 
heit! 

e Easy to Couple — couples easily, quickly — won't 
gouge or freeze to hands. 


Made of lightweight, non-corrosive DuPont Delrin 

(acetal resin), Midland’s new Gladhand is interchange- 

able with present truck-trailer equipment, and couples 

with all other gladhands. 
The new Midland Gladhand offers these exclusive 
advantages: 

e Lighter Weight—Twice, as light as aluminum. Four 
times lighter than iron! Yet more resistant to impact 
than die cast gladhands. 

e Non-Corrosive — resists salts, oil, grease, gasoline, 
soaps, solvents and moisture! 

e Non-Conductive and Non-Sparking — provides 
greater safety to haulers of flammable loads! 


e Improved Locking — no springs to break, no balls 
to jam. Ramp-type lock impervious to road grime. 


ONE OF THE 400 
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LARGEST 


The new Midland Gladhand is now available through 
your Midland distributor. Call him now .. . try a set. 
And for more information on DuPont Delrin write direct 
to Midland-Ross in Owosso. 


ZS MIDLAND-ROSS wit. 
RTL 


OUR 
CORP 
ae «CORPORATION (Whe 
Owosso Division TER Owosso, Michigan 


AMERICAN CORPORATIONS 
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MORE SPACE FOR ACCESSORIES 


with the Eaton Crankshaft-Driven 
Power Steering Pump 


By eliminating the need for mounting brackets, pulleys, and v-belts, the 
Eaton Direct Crankshaft-Driven Power Steering Pump saves valuable under- 
hood space. The oil reservoir is remotely mounted—out of the way. Direct 
crankshaft drive provides power for steering under all conditions; eliminates 
the need for belt adjustments. 

The Eaton Crankshaft-Driven Pump is an advanced version of the basic Eaton 
Roll-Pump design which has been performance-proven in operation on many 
leading passenger cars, motor trucks, and tractors. High efficiency, dependa- 
bility, quiet operation, and low cost maintenance are tangible benefits inherent 
in this design. 

If you are concerned with improving steering performance while cleaning 
up engine front end design and gaining additional under-hood space, call on 
us. Your inquiry will receive immediate attention. 


———— PUMP. DIVISION —_____—_—_——_- 
EFATO MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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AT BCA everything’s new but the name 


yuoaaY ee ‘opi 
sg aR ke On Saas Alt Nas 


NEW ONE-OF-A-KIND MICROGRAPH 
draws pictures for bearing research 


[his greatly magnified stylus is drawing a picture of the 
microscopic imperfections in a bearing raceway . . . measur- 
ing each one to within a few millionths of an inch. The 
picture-on-tape which comes out of this specially modified 
micrological instrument is an important tool in BCA’s re- 
search on ball bearing performance. 


This is just one of the precision instruments in the Tempera- 
ture-Humidity-Controlled Instrumentation Room which is 
the center of BCA research on bearings. The result of this 
program is revealed in on-the-job performance of BCA bear- 
ings. They roll dependably under heavy loads and all kinds 
of adverse conditions. 


New testing facilities at the BCA laboratories also include 
specially designed equipment, often identical with equipment 


BEARINGS COMPANY Sey 
OF AMERICA 


in customers’ plants. Here, BCA bearings are tested to exceed 
customer specifications under the exact operating conditions 
experienced by the customer! 


BCA ball bearings are standard original equipment . . . re- 
placement, too . . . for nearly every kind of industry. For 
example, automotive, earth moving, agricultural and machine 
tools. The wide line of ball bearing sizes and types, plus 
BCA’s research and extensive new testing facilities, pays off 
for bearing users. Consider the performance record of BCA 
ball bearings the next time you purchase or specify bearings. 
For more information, or for assistance with 

bearings problems, contact Bearings Company of 
America, Division of Federal-Mogul-Bower Bear- 

ings, Inc., Lancaster, Pa. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


bearings 
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You'll form it faster with because...one machine pass 
can take you from brass strip or sheet to a completely formed pen cap, 
hose coupling, lighter case, lamp base or similar shape. And Western 
Brass offers a special advantage. Users will tell you that our skill in 
annealing and rolling actually gives them more strip per dollar... more 
good parts per pound. You'll make it better with ductile, formable brass. 
You'll make it best with “‘tailor-made” Western Brass. 


KA OLIN MATHIESON - METALS DIVISION + EAST ALTON, ILL., NEW HAVEN, CONN. 
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to Pressure Activation! 


NC 


DOUBLE DUTY! Disconnects one electrical circuit 
while placing the other in operation. Industry- 
approved for a wide range of applications in dual 
circuit activation of various types of instruments, 
warning signals, safety devices, fuel pumps — in 
many other ways for making and breaking circuits 
Ideal for locking out a starting motor while the 
engine +s running Can be used with oil or air 

>t with standpipe, almost any liquid or gas 



















@ Non-ferrous pressure chamber 
@ Phosphor-bronze diaphragm 
@ Alloy contacts 
®@ Preset at factory 
Available in pound setting specifications in both 
circuits within ranges of 3-6, 7-14 and 15-60 psi 
Compact only 1-11/16” diameter. Pressure as- 
sembled and pretested at 150 psi. Designed for use 
on direct current 


A COMPLETE LINE OF PRESSURE SWITCHES 


Also available — a wide selection of 


single circuit pressure switches. Single 
terminal; double terminal; normally 
open; normally closed. Pressure ranges 


of 3-6, 7-14 and 15-60 psi 


Built by the manufacturers of Hobbs 
Running Time Meters and Shock- 
Mounted Head Lights. Distributors in 
principal cities . . . 


WRITE FOR CATALOG PS605. 


Bohn W. Hobbs Corporation 


_ A DIVISION OF STEWART-WARNER CORPORATION 
9075 YALE BLVD., SPRINGFIELD, ILLINOIS 











Want One 







For Your 





Lapel? 









An SAE Emblem 


¢ Distinguishes you 
as an SAE member 







¢ Is an attractive 
gold-filled clutch- 
back pin 





¢ Costs only $1.50 


plus 
15¢ Federal tax for delivery 
in the United States and S¢ 
sales tax for delivery in 
New York City 









ACTUAL SIZE 







GOLD on BLUE . Member Grade 
GOLD on RED .... 


GOLD on WHITE 





. Associate Grade 





. Junior Grade 









Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 

Please send me an SAE emblem. Enclosed is my 
check for $ ($1.50 plus applicable taxes). 
Grade of membership (please check) 


() Associate 0 Junior 










() Member 








Name 
(PLEASE PRINT) 







Address 
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WE TAKE THE PULSE OF BEARINGS ON TAPE 
TO MAKE THEM EVEN BETTER! 
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TO TAPE-RECORD THE “HEARTBEAT” 
OF BEARING METALS UNDER LOAD, 
WE USE THIS SPECIAL FRICTION AND 
WEAR TESTER. (left) The result is 


highly accurate data on the behavior of 
bearing-metal surfaces, invaluable in our 
fundamental research into friction. By 
means of this instrument, we’re able to 
correlate, more closely than ever before, 
specific alloy compositions with their 
degree of the “stick-slip” phenomenon 
(in which one surface sliding over an- 
other slides . . . stops . . . slides . . . stops 

. and so on) which accompanies un- 
lubricated sliding action. We can also 
determine accurately the compatibility 
of bearing materials with shaft metals in 
lubricated systems . . . showing us which 
metal or alloy is most likely to be superior 
for a given bearing application. In short, 
this Friction Tester is a fundamental 
research tool which gives us positive 
answers to difficult bearing problems, 
faster than ever before. 


britititiiits 


‘ 
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ONE REASON WHY F-M SLEEVE BEARINGS 


and other F-M products give you the finest 
possible performance — this and the other 
unusual precision equipment used by 
Federal-Mogul research. You'll find F-M 
sleeve bearings used in turbines, engines, 
and countless other types of power trans- 
mission equipment . . . F-M precision thrust 
washers in pumps, automotive engines and 
transmissions, motors . . . F-M formed bush- 
ings in refrigeration compressors, electric 
motors . . . and low-cost F-M 





avers = rend emeretic —_" There’s much valuable data in our Design Guides on sleeve bearings, thrust washers, and bushings; 
chinery, control mechanisms. XC and in our brochure on spacers. For your copies, write Federal-Mogu! Division, Federal-Mogu!-Bower 
These are just a few examples. Bearings, Inc., 1103 snuemaker, Detroit 13, Michigan. 





sleeve bearings DIVISION OF 


FEDERAL-MOG U L. Bai tocrat-mocur-sower 


BEARINGS, INC. 
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DARD 
LL-STAN : 
ROCKWE ? a Leader in 


wieag 3 
aa Hauling 


Operations:*° 


Here’s why Timken-Detroit® 


DOUBLE-REDUCTION TANDEMS 
LEAD IN TOP PERFORMANCE-LONG LIFE! 


Timken-Detroit Heavy-Duty Tandems with Hypoid Helical Double-Reduction Gears 
are the big favorites for top performance and long life. 
Here are some of the reasons why: 


Big Hypoid 


reduction 





Rugged Hypoid-Helical 
Double-Reduction Gearing! 


Balanced gearing — with two 
full-sized gear sets working in 
series to take an equal share of 
the load—provides a stronger 
power train with balanced gear 
set loadings and the widest 
range of ratios. 






first 


gears 


Rugged 
helical 
second 


reduction 


gears 


Driver Controlled 
Interaxle Differential! 


Allows differential action be- 
tween the axles to compensate 
for worn or mismatched tires. 
Both axles do equal amounts of 
work ...can be disengaged at 
any speed, giving positive 
through drive when better trac- 
tion is needed. Straight-Line 
Through Drive eliminates prop 
shaft angularity... increases 
bearing and gear life, reduces 
maintenance. 


Worn tire New tire 


“Torsion-Flow” Axle Shafts 
and Hot-Forged Housings! 


More splines, Torsion-Flow 
forging, and patented heat- 
treating processes make 
Rockwell-Standard shafts the 
toughest in the industry. Hous- 
ings are hot-forged from high 
carbon steel, and are rectangu- 
lar shaped with full strength 
corners for greatest strength 
with minimum weight. 





section 


Timken-Detroit Double-Reduction Tandems come in a wide range of capacities— 


7 puithor Fhoduil of... ROCKWELL-STANDARD whe 


CORPORATION 


Transmission and Axle Division, Detroit 32, Michigan 
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MW 
Performance 
Superiority at 
Economical Cost 


OO “oa RING view 
RA LIS 
<x ay TSK KO 

1. Cast-anchored—no bimetal expansion problem. 4. 40% aluminum bearing area exposed for heat 


2. Dovetailed edges keep insert securely in place. conductivity and cool operation. 
3. 100% steel bearing area for wear resistance. 5. Light in weight. 








If you're thinking about 
METALLIC 
SEALING 

RINGS 


these WAUSAU facts may help you 


. You can get just about any kind from WAUSAU, service. All production is by new machinery and 
in a wide range of types and sizes, made to your processes quality controlled at every stage. 
o signs or to standard specifications. 4. The new WAUSAU factory is considered one of 
. WAUSAU engineers know sealing ring problems today’s most modern and advanced. 
in almost every type of application, including auto- i 
matic transmissions, power steering and hydraulics. 
WAUSAU is one of the oldest pioneers in the Seal- 
ing Ring field. 
3. WAUSAU has a fine reputation for quality and 


WAUSAU 
MOTOR PARTS COMPANY 
Manufacturers 
2600 Eau Claire St. « Schofield, Wis. 


5. You can call upon WAUSAU’S experience and 
its accumulation of technical data to help you solve 
your sealing ring development problems. ‘Your in- 
quiry will receive prompt, personal attention. 


AMERICA’S MOST MODERN PISTON RING PLANT © PISTON RINGS ” SEALING RINGS ° VALVE ‘SEAT INSERTS © — PRECISION PRODUCTS 





Remember when 


THEY COULDN’T SPOOK 
THE “JOPLIN GHOST”’ 


It’s a three-way tie going into the final 
round of the 1928 Oklahoma City Open. 
‘Two contenders take a birdie four on the 
first hole. Horton Smith—the ** Joplin 
Ghost”—takes a six. Does it spook him ? 
A steady swing and the ball flies straight 
as a die to the second hole, a 135 yarder. 
It rolls into the cup for a hole in one. 
Lucky? It’s what he was aiming at. And 
Smith went on to win the tournament. 

When the pressure’s on, it’s skill, 
steadiness and confidence that count. 
It’s the kind of performance you expect 
and find in the pros in any field. 

In bearings, Timken Company engi- 
neers are pros in every sense of the word. 
Chey have more experience designing 


and applying tapered roller bearings than 
anyone else. Thev’ve found more ways to 
improve them than anyone else. They’ve 


learned how to produce better Timken 
tapered roller bearings for less cost to 
give you better value. And thev’re more 
than ready to provide all the service 
you need to give your customers trouble- 
free mileage, cut your warranty and 
assembly costs. 

This is professionalism that gives you 
the most for your bearing dollar. Call in 
Timken Company sales engineers—they 
have the answers. The Timken Roller 
Bearing Company, Canton 6, Ohio. Cable 
address: ““Timrosco”’. Makers of Tapered 
Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. 


tapered roller bearings 


from the pros of the bearing business 








